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AN EXPERIMENTAL STUDY OF 
AORTIC VALVE HOMOGRAFTS 


CONRAD R. LAM, M.D., F.A.C.S., HARTLEY H. ARAM, M.D., and 
EDWARD R. MUNNELL, M.D., Detroit, Michigan 


‘T IS now well established that the graft- 
] ing of vascular tissue from one individual 
I to another is a feasible and useful pro- 
“- cedure. The original experimental work 
of Carrel (2) has been amplified and applied to 
clinical cases by Gross and his associates 
(4, 5,9) Swan and others (8). However, there 
has been no detailed report of experiments in 
which an attempt has been made to carry out 
homografting with anything more compli- 
cated than a simple cylindrical blood vessel. 
The purpose of this communication is to re- 
port our work on the transplantation of aortic 
segments bearing semilunar valves. It was 
wondered if such a valve homograft might 
have an equal or better chance of success than 
the plastic valvular prostheses of Campbell 
and of Hufnagel (7). The latter author men- 
tioned that he had also tried homologous aor- 
tic valve grafts, but in many of these the valve 
cusps failed to function and secondary hemor- 
thage was frequent, because of the difficulty 
of suturing at the myocardial end of the grafts. 
This was also our experience in the early part 
of the work, but with refinements in technique 
and certain changes in the conditions of the 
experiment, more promising results were ob- 
tained. 


_From the Division of General Surgery of the Henry Ford Hos- 
pital, Detroit, Michigan. 

This work was supported by a grant from the Michigan Heart 
Association. 


EXPERIMENTAL METHOD 

Under aseptic technique, a short segment of 
the ascending aortic arch with the valve intact 
was removed from each donor dog (Fig. 1). A 
variable amount of myocardial tissue was re- 
moved with the original specimen, but much 
of this was subsequently trimmed away to 
make a suitable circumference for suturing. 
The lumen of the proximal or myocardial end 
of the graft was considerably larger than that 
of the other end, which made the subsequent 
implantation of the segment into the recipient 
animal difficult because of the discrepancy at 
the proximal suture line. It was found to be 
advantageous to prepare the graft in advance 
of the operation by suturing a short cuff of 
aorta to the myocardial end of the graft (Fig. 
2). Thus, the operating time for the thoracic 
operation was much reduced. Occasionally the 
grafts were implanted immediately, but usu- 
ally they were refrigerated in Tyrode’s solu- 
tion and penicillin for periods up to 2 weeks. 

The recipient dogs were anesthetized with 
ether and oxygen administered through an en- 
dotracheal tube. The left thorax was entered 
through the fourth interspace and about 2 
inches of descending aorta immediately distal 
to the subclavian artery was mobilized by in- 
cising the pleura and dividing several inter- 
costal arteries between ligatures. The graft 
was then inserted by a method which involved 
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Fig. 1, left. Untrimmed segment of ascending aorta con- 
taining the aortic valve. Note the ligated coronary arteries, 
and the portion of mitral valve leaflet at the lower right. 

Fig. 2. Aortic valve homograft trimmed and with aortic 
cuff sutured to myocardial end of segment to facilitate im- 
plantation. The tube is of polythene. 





minimal interruption of the circulation to the 
lower part of the body, which plan was origi- 
nally suggested by Carrel (3) and more recently 
described by Hufnagel (6). Noncrushing 
clamps were applied to the aorta and it was 
divided. A lucite or polythene tube with two 
grooves at each end was passed through the 
graft (Fig. 2) and inserted into the divided 
ends of the aorta, care being taken that the 
aortic valve had the correct relationship to the 
direction of blood flow. Ligatures of roughly 
braided silk were placed over the aorta to lie 
in each of the four grooves of the tube. The 
occluding clamps were quickly removed, to 
permit an adequate flow of blood through the 
tube. Usually, the period of occlusion was less 
than 5 minutes, and there was no instance of 
hind limb paralysis in 74 experiments. 


ee a 
ne 


Fig. 4. Transventricular valvulotome used to make an 
incision into one aortic valve cusp to produce insufficiency. 


Fig. 3. Retrograde injection of water to prove com- 
petence of the valvular homograft. This graft had been in 
place for a period of only 5 hours before the animal 
died. 


The suture material was No. ooo00 Dek- 
natel braided silk on a small attached needle. 
Intima-to-intima coaptation was obtained by 
the placing of a horizontal, continuous mat- 
tress type of suture. When all of the proximal 
and two-thirds of the distal suture line were 
completed, the clamps were reapplied above 
and below the tube, the four ligatures were cut 
and the tube extracted from the vessel lumen. 
The distal suture line was then quickly com- 
pleted, after which the clamps were removed 
to permit resumption of blood flow and the 
thoracic incision was closed. All animals 
which died following the procedure or were 
deliberately sacrificed were autopsied prompt- 
ly and the function of the valves was investi- 
gated by testing to see if they would hold 
water when injected in a retrograde fashion 
(Fig. 3), and by inspection of the valve leaf- 
lets. 

In a preliminary series, 27 dogs were op- 
erated on and observed in the manner de- 
scribed. The fate of these animals was as fol- 
lows: deaths on the operating table from 
hemorrhage or anesthetic difficulties, 7; deaths 
in the immediate postoperative period (less 
than 12 hours) from undetermined causes, 4; 
separation of suture lines with hemorrhage (3 
to 15 days), 6; deaths from unrelated disease, 
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g. 5. Specimen removed at 12 months, showing no 
» of cusps. 


1; sacrificed after periods of from 1 to 6 
months, 7. 

Inspection of the valves in the animals 
which died early showed that they were 
morphologically capable of function, since the 
leaflets were pliable and thrombosis in the 
sinuses of Valsalva was rare. They offered re- 
sistance to the backward flow of fluid as in 
Figure 3. However, the valves which were in 
place for longer intervals of time showed in- 
creasing loss of functional capacity, due to 
shriveling of the cusps and thrombosis (Fig. 
6). The final phase of this process is observed 
in a valve which had been implanted for 12 
months and in which there remained no trace 
of cusps (Fig. 5). In no instance was it certain 
that there was any appreciable function of the 
grafted valves. It appeared from this experi- 
ence that this method of valve grafting offered 
no promise of success and our conclusions were 
identical with those of Hufnagel (7). 

Before the problem was abandoned entirely, 
it was decided to investigate a second series 
with a significant addition to the procedure. 
It seemed reasonable to suppose that the 
valve cusps might continue to function longer 
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Fig. 6. Specimens showing valvular grafts which had 
been in place 36 days and 58 days respectively. The first 
shows fair persistence of cusp structure, but the second 
shows shrinkage of cusps and thrombosis. 


if there was need for them to function, or in 
other words, if the recipient animal’s own aor- 
tic valve was insufficient. Accordingly, we in- 
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Fig. 7. Oscillograph tracings (Hathaway apparatus) of 
aortic pressure before and after one-cusp valvulotomy. In- 
sufficiency is proved by the fall in diastolic pressure and the 
absence of the dicrotic notch. 
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Fig. 9. 
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Fig. 8. Pressure tracings demonstrating function of a 
valve homograft. A, Continuous record at the time of 
valvulotomy, with the homograft already in place. Note 
that valvulotomy was followed by the pulse form of insuf- 
ficiency in the carotid artery (lower tracing), and that 
there was no change in the femoral tracing (distal to the 
graft). B, Tracings obtained from needles introduced into 
the aorta immediately distal and immediately proximal to 
the valve graft. The dicrotic notch in the distal curve is the 
result of closure of the graft cusps. 

Fig. 9. Three types of tracings obtained from the aorta 
proximal and distal to the homograft, at the end of the 
experimental period. Left, Identical normal tracing in 
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both; functional state of transplanted valve cannot be de- 
termined. Middle, Essentially normal aortic pressure trac- 
ing distal to the graft and a curve of insufficiency proxi- 
mally, indicating function of the graft. Right, Insufficiency 
in both tracings indicating nonfunction of the graft. 

Fig. 10. Three types of interim pressure tracings from 
the carotid and femoral arteries. Left, Normal carotid and 
femoral curves; function of graft cannot be determined. 
Middle, Normal femoral tracing and tracing of insufficiency 
in carotid artery, indicating function of interposed valve 
graft. Right, Insufficiency in both the femoral and the 
carotid pressure curves indicating nonfunction of the 
grafted valve. 
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“ig. 11. Specimens from animal sacrificed at 2 months. 
Che valvulotomy had made a large hole in one cusp and 
mall cut into another. b, Valve graft, with excellent 
servation of cusps. 


stigated two methods of producing trauma 
the valve leaflets. Attempts to disrupt a 

sp or cusps by the insertion of a wire in a 
‘{rograde direction through the brachio- 
phalic artery were unsuccessful in producing 
uniform lesion. We then constructed a 
‘lvulotome (Fig. 4) which could be pushed 
through the wall of the left ventricle to pro- 
dice a rather uniform cut in one or more aortic 
valve cusps. Usually, only the posterior cusp 
was incised, to avoid disturbance of coronary 
artery blood flow. This type of valvulotomy 
as an isolated procedure was carried out on 32 
animals, of which 14 were later used as recipi- 
ent animals for the aortic grafts. There were 
6 operative deaths, giving a mortality of 20 per 
cent for transventricular valvulotomy alone. 
In addition, 34 animals had the valvulotomy 
at the time of the thoracotomy for grafting. 
Also, during the course of the second series 
of experiments, we had access to the Hatha- 
way apparatus for the measurement of physio- 
logic pressures (10). This was used to prove 
the presence of regurgitation in the animal’s 
own aortic valve following valvulotomy and to 
demonstrate whether or not the grafted valve 
was functioning. Figure 7 shows an example 
of the tracings obtained from a needle intro- 
duced into the arch of the aorta before and 
after a successful valvulotomy. ‘Tracings 
made from needles inserted into the aorta 
proximal and distal to the fresh valve graft in- 
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Fig. 12. denis from animal sacrificed at oa months. 
a, Typical valvulotomy incision of 1 cusp, early compensa- 
tory changes in the other cusps. b, Grafted valve, showing 
obliteration of 2 sinuses of Valsalva, one with thrombosis. 


Fig. 13. Specimens from animal sacrificed after 16 
months. a, Residual cusp injury, with compensating 
tubercle formation on the other 2 cusps. b, Grafted valve, 
with vestiges of only 2 cusps remaining. 


dicated that the valve was functioning, since 
the tracings showed insufficiency and com- 
petency respectively (Fig. 8). These observa- 
tions on the shape of the aortic pressure curves 
proximal and distal to the graft were not only 
made at the time of the original operation, but 
also at an exploratory operation just before 
the sacrifice of the animal (Fig. 9). Moreover, 
it was possible to obtain interim tracings with- 
out a thoracotomy by taking the proximal 
tracing from a carotid artery and the distal 
tracing from a femoral (Fig. 10). 

The valvulotomy and valve graft were done 
as a two stage procedure in 14 animals, the 
valvulotomy preceding the other operation by 
approximately 2 weeks. Only 4 animals sur- 
vived the second operation. The high mor- 
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TABLE I.—SUMMARY OF OBSERVATIONS ON FUNCTION OF VALVE GRAFTS IN SECOND SERIES 
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tality rate was never adequately explained, 
although factors of anesthesia, blood loss, and 
operating time were carefully considered. In 
34 animals, the graft was inserted and the 
valvulotomy carried out during the same 
thoracotomy. Again, there was a high imme- 
diate mortality (16 animals, almost 50 per 
cent) and there were 4 deaths in the early 
postoperative period. Only 14 animals lived 
1 month or more and were available, together 
with the 4 survivals of the two stage proce- 
dure, for observations as to the fate of the 
grafted valves. 

The observations on the 18 animals which 
lived 1 month or more following the implanta- 
tion of the aortic valves are summarized in 
Table I. Interim oscillograph tracings, 1 to 2 
months after the operation, were made in 12 
animals. In only 2 of these was the continued 
function of the grafted valve proved (Nos. 
310 and 317) although definite proof that the 
valve was insufficient was present in only 1 
animal (No. 273). Only ro animals lived to be 
sacrificed after an exploratory operation in 


which the pressure curves above and below the 
graft were recorded by the oscillograph. In 
only 1 of these (No. 255) was function of the 
graft proved, and also, in only 1 (No. 264) was 
insufficiency proved. Eight animals died of 
various causes, chiefly parasitic infection, be- 
fore terminal tracings were obtained. 

At the autopsies, inspection of the dogs’ 
own aortic valves invariably revealed residual 
cusp damage (Figs. 11, 12, and 13), although 
as is seen in Table I, functional insufficiency, 
as determined by the interim and final oscillo- 
graph tracings, was rarely observed after 1 
month. This spontaneous correction of aortic 
valvular insufficiency was not due to healing 
of the cusp incision, but appeared to be due 
more to adaptation of the 2 uninjured cusps to 
compensate for the defect. For example, an 
animal kept for a long period of time (16 
months) developed tuberosities on the intact 
cusps which neatly plugged the valvulotomy 
defect in the other cusp (Fig. 13). When the 
aortic segments bearing the grafts were in- 
jected as in Figure 3, in no instance did a valve 
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hold water. However, inspection of the speci- 
mens showed that in 9 animals or half the 
series, the valve cusps approximated the nor- 
n il in appearance and were conceivably capa- 
b. of some function (Fig. 11). As indicated 
i the last column in Table I, 2 of the grafted 
lves were probably nonfunctional and 7 
re definitely nonfunctional. 


DISCUSSION 


he results in the second series of valve im- 
ints were far from promising since the oper- 
ve mortality was approximately 50 per 
nt, and of the surviving animals, only 50 per 
it showed anatomic integrity of the valve 
sps. However, it should be remembered 
it the operation was not only the implanta- 
n of a valve, but also a cardiotomy with the 
| liberate production of aortic insufficiency by 
e cutting of a cusp, an operation which by 
ii-elf carried a mortality rate of 20 per cent. 
\ though the yield of surviving valve struc- 
ture was only 50 per cent, this was distinctly 
better than in the first series in which only 1 
in 7 showed much persistence of cusps. Loss 
of function of the grafted valves seemed to 
occur in relation to the spontaneous restora- 
tion of function of the animals’ own valves. 
Speculatively, one could suggest that in the 
presence of a permanent aortic insufficiency, 
a valvular homograft might continue to func- 
tion indefinitely. 


CONCLUSIONS 


It is technically possible to transplant an 
aortic valve homograft into the descending 
aorta of a recipient animal, but unless the 
animal has marked and permanent insuffi- 
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ciency of its own valve, there is little likeli- 
hood that the grafted valve will retain its func- 
tion. Experimental aortic regurgitation pro- 
duced by an incision into one cusp is followed 
by rapid spontaneous restoration of function 
through morphologic adaptation of the re- 
maining cusps. This phenomenon has pre- 
vented the formulation of definite conclusions 
as to the fate of the valvular homograft in the 
presence of persistent valvular insufficiency of 
the host. 
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OPERATIVE TREATMENT OF FLATFOOT 


BEN L. SCHOOLFIELD, M.D., F.A.C.S., Dallas, Texas 


OINT-DESTROYING operations for the 
cure of flaccid flatfoot deformity are as 
outmoded as Buck’s extension treatment 
for fracture of the neck of the femur. 

Their continued position of prominence in 
even late orthopedic texts indicates the extent 
to which these procedures have taken hold of 
orthopedic thinking and the difficulty of eradi- 
cating such methods, once they have acquired 
a place among conventional techniques. De- 
spite the fact that surgical shortening of the 
deltoid ligament has been done successfully 
for over 24 years (5) and that this procedure 
was published in the Amnals of Surgery in 
1939 (6), it has been overlooked by most of 
the textbooks. Basically, there appears to be a 
rather general misconception of the cause of 
flaccid flatfoot which is abnormal length of the 
deltoid, or medial ankle, ligament. 

The writer wishes to show the efficacy and 
durability of his operation, its raison d'etre, 
and the fallacy of making a more or less solid 
piece of masonry of the foot, as in arthrodesing 
operations. It is not thought necessary to 
argue the advantages of surgical treatment. 
It is my own belief that palliative measures 
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Fig. 1, left. Bony and ligamentous anatomy of the ankle 
region as viewed from behind. Note vertical line drawn 
between middle of tibia above and middle of talus, con- 
tinued downward, showing eccentric position of weight- 
bearing part of os calcis with narrowing of the bone below 
sustentaculum tali. The paramount importance of the 


relieve symptoms only, and rarely, if ever, 
effect a cure in the anatomical sense. Obvi- 
ously, the decision for surgical or palliative 
treatment must remain a matter for the 
judgment of the surgeon consulted. If ana- 
tomical restoration to the normal is the de- 
sired end, however, the decision for surgery 
will not long be delayed. 

At the outset, let it be understood that this 
article does not deal with the rigid flatfoot 
with complicating arthritis nor with the trau- 
matic flatfoot with skeletal deformity result- 
ing from poorly treated fractures in the vicin- 
ity of the ankle. Likewise this operation is not 
indicated in the deformity resulting from 
poliomyelitis. 

For a clear exposition of the mechanics of 
the common flaccid variety of flatfoot, it is 
necessary to pose two premises: (1) the posi- 
tion of the heel bone (calcaneus) is the key to 
the deformity; (2) the heel bone is held in its 
correct vertical attitude by a deltoid ligament 
of normal length. 

In explanation of these premises, one needs 
a definite knowledge of the anatomy of the 
human foot with particular emphasis on that 


| 
Deltoid ligament 


Groove for 
tendon 
hallucis longus 


lum tali 


Tendon tibialis posterior 
Tendon tibialis anterior 


deltoid ligament in maintaining the erect attitude of the 
heel bone is illustrated. 

Fig. 2, right. Skeletal anatomy on medial aspect of the 
ankle. Note attachments of deltoid ligament to medial 
malleolus, side of the astragalus, sustentaculum tali, and 
navicular bone. 


136 





SCHOOLFIELD: OPERATIVE TREATMENT OF FLATFOOT 


Fig. 3. Author’s operation, showing medial malleolus 
exposed, periosteal flap raised. Note intact sheath of 
tibialis posterior. Inset, downward dissection continued, 
separating deltoid ligament from malleolus and side of talus 
to its fan-shaped insertion on posterior talus, sustentacu- 
lum and navicular bone. The ankle joint, as well as the 
subastragalar and talonavicular joints, are mildly exposed 
in the process. Note incision of soft parts to navicular 
above and in front, also elevation of periosteum above, 


facilitating later closure. 

Fig. 4. Author’s operation, the foot is brought into 
marked inversion, or varus, with special emphasis on the 
heel, held there during closure of flap. The periosteal- 
ligamentous flap is drawn tautly upward and excised to the 
extent that it overlaps the periosteal edge above. Inter- 
rupted sutures are shown. Note mattress type “stay” 
sutures at middle of flap. Inset, skin incision closed with 
continuous suture. 
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Fig. 7. 
Fig. 5. J. L. Preoperative bilateral flatfoot, medial bor- 
ders of feet held parallel. Note lateral deviation of heels. 
Fig. 6. J. L. Showing medial border of foot with no 
apparent longitudinal arch. 


of the heel bone. This bone is broad above 
where it articulates with the talus (astragalus) 
but is narrowed on its medial aspect distal to 
the level of the sustentaculum tali, or over- 
hanging shelf of the calcaneus. Consequently 
the weight-bearing part of the heel bone is 
off-center and eccentrically located with refer- 
ence to the weight-bearing bones above, the 
talus and tibia (Fig. 1). Thus the heel bone 
has a natural mechanical tendency to become 
everted or rolled outward. There is nothing to 
prevent this in weight-bearing except a deltoid 
ligament of normal length (Fig. 2). Much time 


Fig. 8. 


Fig. 7. J. L. Postoperative appearance of feet 10% 
years after surgery. Note vertical attitude of heels. 

Fig. 8. J. L. Medial border of foot after 10% years. 
Note restoration of arch and small scar. 


and effort have been expended on complicated 
theories for the development of flatfoot. It is 
one of the simplest and most logical develop- 
ments to be found anywhere in the human 
body and the writer has been amazed that so 
many authors (1, 2, 7) have come so close to a 
solution of this problem without having done so. 

Surgical shortening of the deltoid ligament 
was suggested by the procedures of Nové- 
Josserand (2, 3) and Ober for the correction 
of congenital equinovarus, it having been 
properly reasoned that if surgical elongation 
of the deltoid ligament would correct varus, 
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Fig. 11. 


Fig. 9. W. T. Postoperative view from behind, feet 
parallel, January 1951. This was first patient operated up- 
on—right foot, December 13, 1926; left foot, April 11, 1927. 

Fig. 10. W. T. Postoperative appearance. Lateral view 
of right foot showing good arch and fine scar after some 
24 years. This man is a truck driver and served as such 


its shortening would correct valgus deformity. 


TECHNIQUE OF OPERATION 


The operative technique is simple. The in- 
cision begins behind the medial malleolus and 
ranges downward and around that bone to 
curve forward to the talonavicular joint; this 
allows adequate exposure when the skin is 
dissected upward. A flap of periosteum is 
raised from the exposed malleolus (Fig. 3), 


Fig. 12. 
in World War II (Army). 

Fig. 11. D. P. Photograph of feet after 12 years. Excel- 
lent result clinically and anatomically. Vertical attitude of 
heels well maintained. 

Fig. 12. D. P. Another view after 12 years. Note good 
arch of right foot, good alignment of left foot. 


and this subperiosteal dissection is extended 
distally to free the deltoid ligament down to 
its fan-shaped insertion on the talus behind, 
the sustentaculum below, and the navicular 
in front. It is further freed along‘its anterior 
border by incision of the soft parts between 
the distal anterior angle of the malleolus and 
the navicular, it being preferable to do this in 
advance of the deep separation of the deltoid 
from the medial aspect of the talus. The foot 








Fig. 13. 


Fig. 13. H.C. Postoperative appearance after 5 years. 
A school boy who has made good in athletics. 


is now brought into a position of forced inver- 
sion or varus with special attention to the heel. 
The periosteal-ligamentous flap is next drawn 
tautly upward and excised to the extent that 
it now overlaps the periosteal edge above, and 
thus its redundant length is removed. The 
ligament and periosteum are now closed with 
chromic catgut or kangaroo tendon, and it is 
well to place two mattress stay sutures 
through the deltoid ligament and attach them 
above as an aid in holding the flap taut during 
closure (Fig. 4). One should avoid opening 
the tendon sheaths behind and below the 
malleolus during dissection. In clearing the 
ligament from beneath the malleolus, it is well 
to dispose the periosteal elevator in a vertical 
direction until the medial side of the talus is 
reached. The foot is fixed firmly in marked 
inversion or varus in plaster of paris, always 
with emphasis on the heel. The tendo 
achillis is elongated if indicated. 

The after-care is extremely important. No 
weight-bearing is allowed for at least a month. 
It is equally imperative that no unsupported 
walking be done for 6 months, which means 
that the heel varus must be protected at all 
times for that period by the constant use of 
shoes or slippers with their heels raised on the 
medial sides or flatfoot braces which accom- 
plish the same purpose. At the outset of 
weight-bearing, the continuous heel varus may 
be materially assisted by the use of adhesive 
strapping. There must be no barefoot walking 
or standing during the 6 months of convales- 
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Fig. 14. 


Fig. 14. H. C. Another view. Severe flatfoot deformity 
with marked preoperative symptoms. Good result. 


cence and the use of soft shoes is strictly inter- 
dicted. Neglect of these precautions will 
almost certainly result in a partial recurrence 
of the deformity or worse. 

The operation has been done on patients 
from early childhood to the late thirties with 
equally good results. However, patients under 
5 years of age are not the best subjects because 
of the greater difficulty of separation of the 
ligament from the softer bones of that period. 
Among clinic patients, the subsequent devel- 
opment of arthritis in consequence of latent 
neisserian infection has been noted in a few 
adults with disastrous results. 


CONCLUSION 


In conclusion, it is desired to emphasize the 
fact that the operation described has, in my 
hands, been entirely adequate and free from 
the inevitable consequences of stiffness and 
inelasticity of the joint-destroying operations. 
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SIMULTANEOUSLY OCCURRING PLACENTA 





PREVIA AND PLACENTA ACCRETA 


ROBERT W. KISTNER, M.D., ARTHUR T. HERTIG, M.D., and DUNCAN E. REID, M.D., 
Boston, Massachusetts 


LACENTA accreta has previously (7) 
been defined as the abnormal ad- 
herence, either in whole or in part, 
of the afterbirth to the underlying 
: erine wall. Pathologically, there may be 
monstrated a complete or partial absence 
« the decidua basalis, specifically the decidua 
ongiosa, placing the trophoblast in direct 
ntact with the subjacent myometrium. 
‘wo classifications have been outlined, one 
©. pending on lateral extension and the other 
co: depth of involvement. Thus Aaberg and 
kcid have delineated types of placenta ac- 
creta as: (1) total, involving the entire pla- 
r¢ 
C 





~ 
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nta, (2) partial, involving one or more 
otyledons, and (3) focal, involving part of a 
single cotyledon. If the trophoblast has in- 
vaded the myometrium the condition is 
known as placenta increta, and if uterine 
perforation occurs the condition is known as 
placenta percreta. 

The incidence of placenta accreta varies 
widely depending on whether adherent pla- 
centas are routinely submitted for histologic 
examination. Moreover, the incidence of 
placenta accreta is dependent largely upon 
the definition, and the condition is frequently 
restricted to the complete type. The partial 
and focal types of placenta accreta are not 
uncommon and when they occur are, from 
the point of view of the hemorrhage, the 
more dangerous. Irving and Hertig noted an 
incidence of 1 to 1,956 whereas Kraul found 
only 3. cases in 60,000 deliveries. A compari- 
son of 11 reports (2) notes an average inci- 
dence of 1 to 14,622. Eastman, however, 
states that total placenta accreta is much 
rarer than the latter figure and found that in 
approximately 70,000 deliveries at the Johns 


From the Departments of Obstetrics and Pathology, Harvard 
Medical School and the Boston Lying-in Hospital. 
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Hopkins Hospital not a single case of the 
complete type had been discovered. 

The incidence of placenta accreta compli- 
cating placenta previa is even rarer than 
these figures, less than 30 cases having been 
reported to date. The object of this paper is 
to review briefly the reported data and to 
add g cases which have occurred in the 
Boston Lying-in Hospital during the 1937 to 
1951 interval. 

A tabulated review of reported cases is 
given in Table I. 


REVIEW OF LITERATURE 


Zangemeister in 1922 described the condi- 
tion known as placenta previa cervicalis in 
which the histologic condition resembled that 
of placenta accreta or increta. Removal! was 
followed by massive and usually fatal hemor- 
rhage. Sporadic case reports were published 
until a comprehensive review of all cases of 
placenta accreta was published in 1937 by 
Irving and Hertig. These authors stated that 
13 previous cases of concurrent placenta 
previa and placenta accreta had been re- 
ported up to that time and they added 1 
case. The treatment in this case consisted 
of a supravaginal hysterectomy, a portion of 
the placenta being left in situ attached to the 
cervix. The puerperium was septic, being 
complicated by phlebitis, peritonitis, and a 
vesicoabdominal fistula. The patient recov- 
ered and was discharged on her 48th day. 

Wilens reported 1 case of concurrent pla- 
centa previa and placenta accreta in 1942 
treated by packing the bleeding site after 
manual removal of the placenta, the author 
feeling that a total hysterectomy would have 
to be done in order to remove all of the pla- 
centa, a procedure thought to be unwar- 
ranted considering the precarious condition 
of the patient. The puerperium was morbid 
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Case No. 


Author 


ine 


Length of 
gestation, weeks 


Delivery 


SURGERY, GYNECOLOGY AND OBSTETRICS 





Treatment of placenta 


Result 


TABLE I.—REVIEW OF CASES OF CONCURRENT PLACENTA PREVIA AND PLACENTA ACCRETA 


Cause of death 





I 


Hink 


1896 


id 


Braxton-Hicks version 


Manual extraction 


Dead 


Pulmonary embolisin_ 





Neumann 


1896 


40 


Bag and version 


Manual extraction 


Dead 


Hemorrhage 





V. Weisse 


1897 


36 


Braxton-Hicks version 


Vaginal hysterectomy 


Dead 


Peritonitis 





Martin 


1906 


Breech 


Manual removal 


Dead 


Hemorrhage 





Baisch 


1907 


Vaginal cesarean 
section 


Vaginal hysterectomy 


Living 





Vogt 


1917 


Breech 


Manual extraction 


Dead 


Hemorrhage 





Schmidt 


1917 


Version 


Manual extraction 


Dead 


Hemorrhage 





Schmidt 


1917 


Version 


Manual! extraction 


Dead 


Peritonitis 





Schweitzer 


1918 


Braxton-Hicks version 


Vaginal hysterectomy 


Dead 


Hemorrhage 








Neumann 


1923 


Cesarean section 


Abdominal hysterectomy 


Living 





Neumann 


1923 


Cesarean section 


Manual removal 


Living 





Klaften 


1920 


Dilatation and 
curettage 


Curettage 


Dead 


Hemorrhage 








Klostermann 


1920 


Breech 


Abdominal hysterectomy 


Living 





Irving, Hertig 


1037 


Cesarean section 


Supravaginal hysterectomy 


Living 





Wilens 


1942 


Cesarean section 


Manual removal and uterine 
packing 


Living 





Jackson 


1943 


Cesarean section 


Supravaginal hysterectomy 


Living 





Shotton, 
Taylor 


1944 


Cesarean section 


Supravaginal hysterectomy 


Living 








Riviére 
Chastrusse 


1946 


Cesarean section 


Supravaginal hysterectomy 


Living 





Shannon 


1947 


Cesarean section 


Manual removal and uterine 
packing 


Living 





Gemmell 


1047 


Vaginal hysterotomy, 
then cesarean section 


Manual removal and 
marsupialization of uterus 


Living 





Chisholm 


1948 


Cesarean section 


Manual removal, packing, 
later total hysterectomy 


Living 





Kistner, 
Hertig, Reid 


IQ51 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, 
Hertig, Reid 


IQ51 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, ’ 
Hertig, Reid 


1951 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, 
Hertig, Reid 


1951 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, 
Hertig, Reid 


I9g5I 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, : 
Hertig, Reid 


I9g5i 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, : 
Hertig, Reid 


1951 


Cesarean section 


Supravaginal hysterectomy 


Living 





Kistner, : 
Hertig, Reid 


195! 


Spontaneous 


Supravaginal hysterectomy 


Living 








Kistner, 
Hertig, Reid 


1951 











Cesarean section 





Partial manual removal - 





Dead 





Hemorrhage 





but the patient made an otherwise unevent- 
ful recovery. Jackson in 1943 described 1 
case and noted 4 others in the files of the 
London Hospital. His own case was treated 


by supravaginal hysterectomy with recovery. 
Shotton and Taylor noted a case of concur- 
rent complete placenta previa and placenta 
accreta occurring in a primigravida discov- 
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er-d at the time of cesarean section. A supra- 
vaginal hysterectomy was performed fol- 
lowed by an uneventful recovery. 

Shannon reported a case in 1947 and be- 

ese the patient was a secundigravida, the 

.centa was removed by sharp and blunt 

section, the uterus was packed and the 

tient made an uneventful recovery. Ri- 
* re and Chastrusse reported 1 case in 1946 
: ated by hysterectomy. Gemmell described 
ir 1947 a case in which vaginal hysterotomy 

s attempted 6 weeks beyond term, the 

us already having died in utero. A cen- 

: 1 placenta previa was discovered during 
| s procedure so an abdominal cesarean sec- 
i} n was eventually performed. A placenta 
.creta was then discovered, a few fragments 
| placenta were removed, the cord cut short, 
» d the opening into the uterus marsupialized. 
febrile convalescence followed but com- 
iste recovery occurred and the patient was 
ibsequently delivered of a living child by 
‘peat cesarean section. Chisholm, in 1948, 
iied the case of a patient who had a cesarean 
section for placenta previa followed by par- 
tial removal of the placenta, the remainder 
being left in situ. Because of vaginal bleed- 
ing on the 16th postoperative day, several 
fragments of retained placenta were removed 
digitally, causing such extensive hemorrhage 
that a pack had to be introduced into the 
cervix. The pack was removed 2 days later, 
again followed by severe hemorrhage, neces- 
sitating a total hysterectomy. 

The following cases of concurrent placenta 
previa and placenta accreta have occurred 
during a 15 year period at the Boston Lying- 
in Hospital. 


CASE REPORTS 


CasE 1. Mrs. B. E., Boston Lying-in Hospital 
No. 41115, a 37 year old, registered gravida 2, 
para 1 whose estimated date of delivery was Novem- 
ber 14, 1949, entered the hospital on November 8, 
1949, for a repeat cesarean section. The past 
medical history disclosed a tuberculous infection 
of the left hip joint with subsequent surgical fusion. 
The past obstetrical history revealed a primary 
lower segment cesarean section of the Kroenig type 
for cephalopelvic disproportion in 1946. The present 
pregnancy had been uneventful except for pyelitis 
during the 26th week. 

At the time of laparotomy it was noticed that the 
entire lower segment was dark blue, and it was 
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thought that this was due to an anterior placental 
implantation site with incomplete uterine rupture. 
In one area, several centimeters to the left of the 
midline, a definite egg-sized hematoma was present. 
The peritoneum over this mass was incised and 
bright bleeding occurred. Temporary pressure 
hemostasis was secured and a classical type section 
was done. On incising the thin uterine lower seg- 
ment the placenta was encountered and since a 
definite cleavage plane could not be developed, the 
baby was removed through the incised upper half 
of the placenta. Inspection revealed a placenta in- 
creta, the placenta actually forming a portion of the 
lower segment over a 5 by 7 centimeter area. 
Further attempts to establish a cleavage plane with 
the placenta proved unsuccessful and a supravaginal 
hysterectomy was carried out. The patient with- 
stood the procedure well and had an uneventful 
convalescence. 

Grossly, the specimen consisted of a uterus meas- 
uring 12 by 10 by 6 centimeters with a 9 centimeter 
incision in the right anterior quadrant of the lower 
segment. The placenta measured 12 by 12 by 1.5 
centimeters with an eccentrically placed cord. The 
placenta remained attached and densely adherent 
to the uterus in the mid-posterior aspect of the 
lower segment, and extended over the internal os as 
a partial placenta previa. In areas the muscularis 
was markedly thinned and decidua was either 
scanty or absent. 

Microscopically (S-49-1522) the placenta was 
described as being slightly immature with marked 
fibrinoid degeneration of the cytotrophoblastic por- 
tion of the placental floor. Scattered fragments of 
myometrium were attached to the small amount of 
decidua present. Multiple sections through the at- 
tached placenta revealed absent or scanty decidua 
with the placental floor in contact with or project- 
ing into the myometrium. One section showed 
marked fibrosis and thinning of the myometrium 
beneath the placenta, presumably the site of the 
previous cesarean section incision. 

The diagnosis was: uterus, postpartum, recent; 
slightly immature placenta with partial placenta 
accreta and focal placenta increta. 

CasE 2. Mrs. M. Q., Boston Lying-in Hospital 
No. 133914, a 32 year old, registered gravida 2, 
para 1, whose estimated date of delivery was June 
7, 1948, entered the hospital during the 36th week 
of gestation because of sudden vaginal bleeding 
associated with mild lower abdominal cramps. The 
past obstetrical history revealed that the first preg- 
nancy had terminated in a cesarean section at 32 
weeks of gestation because of an abruptio placentae. 
A Kroenig cervical type of section had been per- 
formed, resulting in the birth of a stillborn fetus. 
An unstated degree of placenta previa also compli- 
cated the first pregnancy. The present pregnancy 
was uncomplicated except for roentgenographic 
evidence of a somewhat anthropoid pelvis and the 
presence of occasional mild hypertension and pro- 
teinuria. 
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Fig. 1. Case 3. B.L-i. Pathology No. S-51-78. Photo- 
micrograph showing placental villi extending into the 
fibrinoid degeneration of the cytotrophoblast. There is no 
decidua. The entire thickness of the lower segment is 
shown with the serosa at the lower edge. X go. 


Because of brisk vaginal bleeding and the his- 
tory of a previous section, immediate laparotomy 
was performed. On developing the bladder flap, it 
was noticed that the lower segment was irregular, 
blue, and the previous uterine scar was extremely 
thin. The placenta, situated beneath the old sec- 
tion scar and extending over the internal os, was 
pushed aside and an active 2,325 gram fetus was 
delivered. The placenta was found to cover the 
internal os and in the left anterior region of the 
lower uterine segment was densely adherent. How- 
ever, the placenta was partially removed by vigor- 
ous manipulation. It was the opinion of the opera- 
tor that the previous section scar had been invaded 
and lacerated and that he was dealing with a 
placenta increta. At this time the bleeding was 
minimal. In view of the previous obstetrical his- 
tory and the prematurity of this infant, an excision 
of the scarred area was attempted. The hemorrhage 
which resulted from this procedure was so extensive 
that a rapid supravaginal hysterectomy was carried 
out. The patient received 2,500 cubic centimeters 
of whole blood during the procedure but because 


of postoperative shock it was necessary to give 
another 1,000 cubic centimeters. The patient made 
an uneventful recovery and the infant was discharged 
in good condition. 

Grossly the specimen consisted of a supracervically 
amputated uterus measuring 15 by 15 by 6 centi- 
meters. On the inferior margin of the posterior wall 
placental tissue appeared to be adherent to the 
myometrium. The placenta weighed 370 grams and 
was extensively lacerated. 

Microscopically (S-48-601), the sections of uterus 
showed a uniformly poor decidua vera and a total 
absence of decidua in the region of the placenial 
site. The placenta showed relative maturity, mul- 
tiple intervillous thromboses, and areas of infarc- 
tion. There was thrombosis of the marginal sinus 
and premature separation of the portion of placenta 
not involved in the accreta. 

The diagnosis was: postpartum uterus with par- 
tial placenta accreta and placenta increta; toxic 
premature separation of the placenta. 

CAsE 3. Mrs. M. B., Boston Lying-in Hospital 
No. 19736, a 35 year old, registered gravida 3, para 
2, whose estimated date of delivery was March io, 
1951, was admitted to the hospital during the 32nd 
week of her fourth pregnancy because of spon- 
taneous rupture of the membranes and vaginal 
bleeding. The past obstetrical history revealed 2 
previous cesarean sections in 1947 and 1949 be- 
cause of cephalopelvic disproportion resulting in 
living infants weighing 3,402 and 2,892 grams, 
respectively. The present pregnancy had been un- 
complicated up until 12:30 a.m. of the day of ad- 
mission (1-13-51) at which time spontaneous rup- 
ture of membranes occurred and bright red vaginal 
bleeding began. At the time of admission, examina- 
tion revealed the infant to be alive, presenting as a 
breech. Because of the bleeding, breech presenta- 
tion, and ruptured membranes plus the previous 
obstetrical history, a cesarean section was carried 
out without delay. 

A low classical section was performed and a 
1,984 gram baby delivered. Examination of the 
uterine cavity revealed a marginal placenta previa. 
About three-fourths of the placenta separated eas- 
ily but the right portion in the lower segment was 
densely adherent and was removed manually. In- 
spection of this area revealed brisk bleeding and 
adherent tissue arranged more or less in cotyledons. 
In one area the finger could be pushed through 
almost to the uterine serosa. Because of severe 
hemorrhage and the possibility of a placenta 
accreta, a supravaginal hysterectomy was _ per- 
formed. The patient made an uneventful recovery 
but the infant expired on the 1st postoperative day. 

Grossly, the specimen consisted of an enlarged 
uterus measuring 14 by 11 by 9 centimeters. The 
lower third of the endometrial surface was rough- 
ened and revealed adherent gray strands of decidua 
and probable placental tissue. 

Microscopically (S-51-78), there was a lack of 
decidua over most of the lower uterine segment 
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ig. 2. Case 4, B.L-i. Pathology No. S-51-168. Photo- 

»h of the gross specimen, the placenta and cord emerg- 

from the cesarean section incision in the right lateral 

tion of the fundus. Placenta may be seen ringing the 

er segment and the discoloration in the serosa is pla- 
« tal tissue showing through. 


(ig. 1). In numerous focal areas the cytotropho- 
st was in approximation with the myometrium. 

e decidua over the remainder of the uterine 

ivity was normal. 

The diagnosis was: postpartum uterus; partial 

lecenta accreta. 

CasE 4. Mrs. M. D., Boston Lying-in Hospital 
No. 27136, a 35 year old, registered gravida 4 with 
no living children, was admitted to the hospital on 
January 17, 1951, in the 36th week of her 4th preg- 
nancy chiefly because of her poor past obstetrical 
history. An elective cesarean section was planned 
for the latter half of the 37th week on January 27. 
The past history included an appendectomy in 
1939 and severe infectious hepatitis during Army 
service in 1944. The past obstetrical history re- 
vealed a 12 week spontaneous abortion with dilata- 
tion and curettage in February, 1948, and a cesarean 
section for uterine inertia in November, 1948, the 
infant weighing 1,814 grams and expiring 15 hours 
after operation. In February of 1950, a repeat 
section was done because of the premature onset of 
labor resulting in the birth of a 1,361 gram infant 
which expired after 36 hours. On January 26 labor 
started spontaneously. A classical cesarean section 
was done because of extensive omentouterine ad- 
hesions over the lower uterine segment. A living 
male, weighing 2,637 grams, was delivered. The 
placenta failed to separate and exploration revealed 
the placenta to lie entirely in the lower segment 
forming a complete previa. Further exploration re- 
vealed a placenta accreta and probable increta. A 
supracervical hysterectomy was performed. Mother 
and infant were discharged on the 15th postopera- 
tive day after an uneventful convalescence. 

Grossly, the specimen consisted of a_ post- 
partum uterus and placenta (Fig. 2). The uterus 
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Fig. 3. Case 4, B.L-i. Pathology No. S-51-168. Photo- 
micrograph showing placental villi attached directly to 
the myometrium of the lower segment. The uterine wall 
is made up of placental floor and a very narrow layer of 
muscle. Xgo. 


measured 14 by 16 by 4.5 centimeters and was 
globular and soft. There was a 10 centimeter ver- 
tical surgical defect in the right anterolateral por- 
tion of the fundus, through which extruded placenta 
and umbilical cord. The anterior portion of the 
thinned out lower uterine segment was gray white 
and revealed placental tissue immediately sub- 
jacent. The internal cervical os was completely 
covered by thin placental tissue. 

Microscopically (S-51-168), numerous sections of 
the lower segment revealed total absence of the 
decidua together with juxtaposition of cytotropho- 
blast and myometrium. In several areas only a 
few hyalinized muscle fibers separated cytotropho- 
blast from the uterine serosa (Fig. 3). The decidua 
vera in the remainder of the uterus was essentially 
normal. 

The diagnosis was: partial placenta accreta and 
focal placenta increta. 

CasE 5. Mrs. D. L., Boston Lying-in Hospital 
No. 24960, a 27 year old gravida 2, para 1, with 1 
living child, whose estimated date of delivery was 
January 11, 1950, was first seen in October, 1949, 
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Fig. 4. Case 5, B.L-1. Pathology No. S-49-1752. Photo- 
graph showing the posterior aspect of the amputated 


uterus with the placenta increta seen extending laterally 
in the lower uterine segment. 


during the 28th week of gestation. The past ob- 
stetrical history revealed a previous section in 1947 
because of pre-eclampsia and uterine inertia which 
resulted in the birth of an 3,827 gram infant. 

An elective repeat section was performed on 
December 28, 1949, and because of the presence of 
numerous large veins in the lower uterine segment, 
a classical procedure was done. The placenta was 
encountered on the anterior wall so the uterine in- 
cision was extended and a normal living infant de- 
livered above the placenta. In an attempt to remove 
the unseparated placenta a massive hemorrhage 
occurred which necessitated rapid, massive blood 
transfusions. A placenta accreta was suspected and 
a rapid supravaginal hysterectomy carried out. 
Posteriorly and on the right of the lower uterine 
segment was a large blue subserosal mass which ap- 
peared to be extravasated blood. The mother and 
infant made an uneventful recovery and both were 
discharged on the 1oth postoperative day. 

Grossly, the specimen consisted of a uterus and 
placenta, the uterus measuring 22 by 11 by 6 centi- 
meters. The lower segment was filled with placenta 
which penetrated the myometrium to the serosa 
and was apparent on the serosal surface as a blue 
hemorrhagic area approximately 8 centimeters in 
diameter in the right posterolateral aspect of the 
lower segment (Fig. 4). Grossly it appeared as if 
part of the placenta had been amputated at the 
time of hysterectomy and therefore remained in the 
pelvis of the patient. 

Microscopically (S-49-1752), multiple sections 
showed placental elements including trophoblast 
adjacent to the myometrium. In some areas the 
cytotrophoblast was within a millimeter of the 
serosa. The placenta was described as mature with 
a slight amount of fibrinoid degeneration of the 
floor. The decidua was lacking in the above areas, 
although sections from the upper end of the uterine 
incision showed a normal amount of decidua with 


slight necrosis. The floor of the placenta showed | 
minute areas of attached myometrium consist«nt 
with scattered focal accretic processes. 

The diagnosis was: mature placenta showing evi- 
dence of placenta accreta, placenta increta, and 
questionable placenta percreta. 

CasE 6. Mrs. M. M., Boston Lying-in Hospital 
No. 44259, a 25 year old, gravida 2, para 1, with 
one living child, and whose estimated date of de- 
livery was May 5, 1951, was first seen in the out- 
patient clinic on February 26, 1951. At this time 
the pelvis was adjudged to be gynecoid, the uterine 
fundus measured 26 centimeters above the sym- 
physis with the breech presenting. The patient was 
Rh positive. The blood type was group A, Hinton 
was negative, while the red cell count was 3.3 mil- 
lion. The first pregnancy had terminated in a nor- 
mal spontaneous delivery. She was admitted to the 
hospital on March 27, 1951, in the 34th week of 
gestation because of a history of bright red vaginal 
bleeding and passage of clots of 4 hours’ duration. 
Abdominal pain was absent, and the membranes 
were intact. Urinalysis was negative. The hemo- 
globin was 10.5 grams, and the blood pressure was 
116/80 millimeters of mercury. Roentgenograms of 
the soft tissue revealed a low-lying placenta on the 
anterior wall. There was some tenderness of the 
uterus to palpation particularly on the right side. 
The breech was presenting with the back on the 
left and the fetal heart was regular, rate 140. Be- 
cause of the continuing vaginal bleeding, despite 
the early period of gestation, a sterile vaginal ex- 
amination under double setup precautions was car- 
ried out under spinal anesthesia. This examina- 
tion revealed old dark blood in the vagina and a 
well epithelialized, normal cervix. The external os 
admitted one finger and it was somewhat difficult 
to reach the internal os. Palpation through this 
closed os revealed tissue which could be palpated 
posteriorly. A diagnosis of partial placenta previa 
was made and a cesarean section was immediately 
carried out. 

On opening the peritoneum it was noted that the 
serosa of the uterus was somewhat mottled. An in- 
cision in the lower portion of the fundus was made 
and placenta was found against the anterior wall. 
The placenta was displaced lateralward, the mem- 
branes ruptured, and a 2,580 gram living male in- 
fant extracted. The placenta was implanted in the 
right anterolateral wall converging posteriorly over 
the internal os. The lower anterior portion of the 
placenta separated without difficulty and an at- 
tempt was made to complete the separation man- 
ually. This could not be accomplished, however, 
because of an adherent portion involving several 
cotyledons on the posterior wall. Attempts to re- 
move this area manually tended to invaginate the 
uterus at that point. A diagnosis of partial placenta 
accreta was made and a supracervical hysterectomy 
was carried out. During the operation the patient 
received 500 cubic centimeters of whole blood, and 
she withstood the procedure well. The puerperium 
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was normal and the patient was discharged on the 
8th postoperative day. 
rossly, the attached portion of the placenta 
fill one-half of the fundus in the retracted state 
(Fi:. 5). The lower uterine segment in the region 
of :xe manually removed placenta appeared shaggy 
hemorrhagic. 
‘icroscopically (S-51-554), there was a general- 
decidual hypoplasia, involving the decidua vera 
‘ell as the basalis. 
he diagnosis was: recent postpartum uterus with 
tiple foci of focal placenta accreta and general- 
decidual hypoplasia. 
,sE 7. Mrs. R. B., Boston Lying-in Hospital No. 
‘7, a 42 year old white, unregistered, gravida 10, 
. 5, with 5 living children, whose estimated date 
elivery was sometime in December of 1950, was 
iitted on September 13, 1950 because of a 2 
k history of painless vaginal bleeding. Physical 
nination revealed moderate hypertension, obes- 
and a transverse presentation, the fetal size 
ig compatible with a gestation of 32 weeks. A 
: alysis was negative, the red blood count was 2.7 
) lion and the hemoglobin 11 grams. X-ray films 
f ihe soft tissue suggested a complete placenta 

-via. The vaginal examination under double set- 
uj) precautions revealed an uneffaced, elongated 
ce’vix, and the examining finger encountered the 
plicenta at the internal os and a diagnosis of cen- 

‘| previa was made. A classical cesarean section 
was carried out under gas-oxygen-ether anesthesia 
and a 1,701 gram, normal infant delivered. The 
placenta did not separate spontaneously so manual 
removal was attempted. During this procedure it 
became apparent that the placenta was densely ad- 
herent to the uterine wall especially near the in- 
ternal cervical os. A diagnosis of placenta accreta 
was made and a supracervical hysterectomy was 
carried out. The patient made an uneventful re- 
covery but the infant expired on the first post- 
operative day. 

Grossly, the uterus measured 16 by 13 by 6 
centimeters. The placental site was on both an- 
terior and posterior walls. On the anterior wall, at 
the line of resection from the cervix, was a cotyledon 
firmly attached to the uterus. Section through this 
area revealed the placenta to be directly adherent 
to the thinned myometrium. Decidua was not evi- 
dent grossly. 

Microscopically (S-50-1293) there were multiple 
areas where the villi were in direct contact with 
myometrium. Decidua was absent in these areas. 

The diagnosis was partial placenta accreta. 

CasE 8. Mrs. W. D., Boston Lying-in Hospital 
No. 15701. A 25 year old white, registered gravida 
I, para o, whose estimated date of delivery was 
November 13, 1945, was first seen on April 12, 1945. 
At that time the general physical examination was 
negative, and the pelvic examination revealed a 
uterus of approximately 2}4 months’ size. The pa- 
tient was blood group B, Rh positive, urinalysis 
was negative, and the blood pressure was 100/60 
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Fig. 5. Case 6, B.L-i. Pathology No. S-51-554. Photo- 
graph showing uterus and accretic placenta. The placenta 
in the lower portion had been in the lower segment and 
showed focal areas of accreta but was stripped off man- 
ually. The fundic portion has been everted to show the 
placental area which could not be readily removed. 


millimeters of mercury. The past history was nega- 
tive. The prenatal course was uneventful. The 
patient entered the hospital on November 15, 1945, 
at 10 p.m. with occasional contractions. Labor 
began 6 hours later and lasted 17 hours, delivery 
occurring at 10 a.m. on November 16, 1945. The 
baby weighed 4,085 grams. The placenta separated 
spontaneously and was expressed without diffi- 
culty. There was no immediate postpartum hemor- 
rhage. During the next 15 minutes, however, the 
uterus filled with blood and approximately 700 
cubic centimeters of brisk vaginal bleeding occurred. 
Because of persistent bleeding, it was necessary to 
give 2,000 cubic centimeters of whole blood. In- 
spection of the cervix revealed it to be intact and 
no lacerations of the lower uterine segment were 
discovered. The atonic uterus was thereupon 
packed. Forty-eight hours later the pack was re- 
moved, the uterus was firm and there was only 
minimal vaginal bleeding. Five days later severe 
vaginal bleeding again recurred. Examination under 
anesthesia revealed an intact cervix, but to the left 
and in the region of the internal os there was a con- 
siderable portion of placenta firmly attached to the 
uterus. No line of cleavage could be developed and 
tension on this cotyledon precipitated bleeding. An 
immediate supracervical hysterectomy was _ per- 
formed, 4 blood transfusions again being adminis- 
tered because of severe blood loss. In order to re- 
move all of the adherent placenta, it was necessary 
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to cone out the cervix. The patient made an un- 
eventful recovery and was discharged on the 14th 
postoperative day. 

Grossly the specimen consisted of a supracer- 
vically amputated uterus and a whole cotyledon of 
placental tissue measuring 5 by 5 by 3 centimeters. 
At one margin of this tissue, there was a fragment 
of firmly adherent myometrium. The placental site 
had been in the lower segment. The decidua over 
the cavity of the uterus appeared normal. 

Microscopically (S-45-1084), the villi of the cer- 
vical portion of the placenta were in direct contact 
with myometrium. Dilated sinusoids were present 
in the myometrium just beneath the surface. These 
sinusoids were torn across in several places. 

The diagnosis was: focal placenta accreta of a 
succenturiate lobe. 


It is believed that this patient had an 
accretic succenturiate lobe of placenta im- 
planted in the region of the internal cervical 
os. Because of its dense attachment to the 
lower segment, placental separation and 
bleeding did not occur during the process of 
effacement and dilatation of the cervix. 
Technically, by definition, this may be con- 
sidered to be a variation of placenta previa. 
It should be noted that 3 of the first 7 cases 
included in this report had no vaginal bleed- 
ing although 2 were complete and 1 was a 
partial placenta previa. Possibly the accretic 
process prevented separation of the placenta, 
subsequent to uterine contractions. 


CasE 9. Mrs. E. P., Boston Lying-in Hospital No. 
RH 62094, a 37 year old, white, gravida 6, para o, 
was admitted on November 10, 1938 during the 
26th week of gestation because of profuse vaginal 
bleeding. The last normal menstrual period had 
been April 21, 1938 and the estimated date of de- 
livery was January 28, 1939. The past history was 
negative except for the 5 previous spontaneous 
abortions. This pregnancy had been uncomplicated 
until August 24, 1938, at which time vaginal stain- 
ing occurred after lifting a heavy object. On Oc- 
tober 5 she passed numerous large clots and con- 
tinuous bed rest was advised. Vaginal bleeding con- 
tinued intermittently up until the time of admis- 
sion. 

Physical examination revealed the uterus to be 
consistent with a gestation of 26 weeks, the fetal 
heart was audible and vaginal bleeding was profuse. 
The hemoglobin was 55 per cent and the red cell 
count 2.3 million. Following transfusion of 500 
cubic centimeters of whole blood, a classical cesarean 
section was carried out under gas-oxygen-ether 
anesthesia. A 1,276 gram living infant was de- 
livered. Examination of the lower uterine segment 
revealed a total placenta previa. Placental separa- 
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tion did not occur spontaneously so manual re- 
moval was attempted. Considerable difficulty was 
encountered in establishing a cleavage plane be- 
tween uterus and placenta but a partial removal] 
was accomplished. Hemorrhage was excessive and 
at the completion of the manual removal the pa- 
tient was in deep shock. Since, at this stage, uterine 
bleeding was not marked and the patient was in 
“poor” condition, it was decided not to do a hys- 
terectomy. A second transfusion of 500 cubic centi- 
meters of whole blood was administered. Vaginal 
bleeding then became excessive and the vagina was 
packed. The patient died shortly thereafter. The 
infant survived 12 hours. 

At autopsy (A38-60) the uterus measured 23 by 
13 by 7.5 centimeters and contained several |leio- 
myomas. The endometrial surface of the lower 
uterine segment was replaced in part by dense 
fibrous tissue and in part by numerous attached 
fragments of placenta. In several areas trophoblast 
had extended through almost the entire thickness 
of the myometrium. The cervical os was a small 
aperture, 4 millimeters in diameter, the cervix 
proper having been displaced to the left where it 
appeared small and atrophic. The area of implanta- 
tion seemed to have been in the right portion of the 
lower uterine segment. The placenta was exten- 
sively lacerated and weighed 280 grams. 

Microscopically, numerous sections revealed im- 
mature chorionic villi in contact with myometrium 
and in several areas adjacent to cervical stroma. 
Decidua was absent in these areas. Chorionic villi 
and cytotrophoblast involved the myometrium to a 
considerable depth in several places. 

The diagnosis was: placenta accreta and increta; 
premature placenta showing extensive ischemic 
necrosis and marked intervillous fibrin deposition. 


DISCUSSION 


Etiology. 
accreta is decidual deficiency. In certain 
cases a previous history of intrauterine ma- 
nipulation (manual removal of placentas, 
curettage, steam or chemicals used as aborti- 
facients), uterine infection, or uterine fibrosis 
as encountered in the scars of previous sec- 
tions is obtained. In the particular group 
discussed herein, however, the decidual varia- 
tion is due to the development of the placenta 
in an abnormal location. The decidual re- 
sponse is never as profuse in the lower uterine 
segment and cervix as in the fundal portion. 
The absence of the spongy layer of decidua in 
this area would seem to militate against ade- 
quate separation. Similarly, in ectopic areas 
such as the uterine cornua, fallopian tubes, 
ovaries and peritoneum, implantations are on 


The basic cause of placenta 
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fauliy (if any) decidua and all such placentas 
ma\ be said to be of the accreta variety, 
eit} er focal, partial, or total. 

{: is of interest that in 5 of the cases in- 
clu ‘ed in this report a previous cesarean sec- 
tio had been performed. These included 
bo'!1 lower segment and classical types al- 
th igh in no case could the cesarean scar be 
im Jicated as the sole etiologic factor in the 
de lopment of the accreta. Moreover, areas 
ot «r than the region of the scar were in- 
vo ved in all cases. However, it should be 
pc ited out that 4 of the 5 cases of previous 
ce irean section were actually of placenta 
in. seta so that possibly the depth of tropho- 
bl stic extension was modified by the pres- 
er e of a cesarean section scar. 

ecause of lower segment decidual defi- 
ci acy, one might expect in many cases of 
p!. centa previa the presence of some accretic 
te: dency—especially of the complete variety. 
Tic incidence of placenta accreta in studies 
arilyzing placenta previa, however, is small 
(Table II) and in these reported cases only 
a iysterectomy for excessive bleeding after 
manual removal of the placenta brings the 
specimen to the attention of the pathologist. 


Rarely is the ‘‘sheared” or difficulty removed 
placenta submitted for routine microscopic 
examination, despite the fact that in one 
large series (1) 11 per cent of all manuaily 
removed placentas showed focal accretic 


areas. The true incidence of concurrent 
placenta accreta and placenta previa can be 
accurately determined only by the examina- 
tion of a large number of hysterectomy speci- 
mens with placentas in situ. Routine exami- 
nation of removed placentas might give a 
somewhat lesser incidence. 

It should be emphasized that, in this clinic, 
the diagnosis of placenta accreta, of what- 
ever degree, is made only if mechanical diff- 
culty in placental removal is encountered and 
the subsequent histologic examination re- 
veals villi, trophoblastic floor, or both to be 
in direct contact with myometrium. Diag- 
nosis is simplified in hysterectomy specimens 
but may be made following manual removal 
of placentas where the uterus is retained if 
multiple sections of placental floor are taken 
and myometrium is noted adjacent to villi. 
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TABLE II.—REPORTS OF INCIDENCE OF PLA- 
CENTA ACCRETA IN PLACENTA PREVIA 





No. of 
hysterec- 
tomies 


No. of cases 
of placenta 
accreta 


No. of cases 
of placenta 
previa 


Author 








Johnson 


Daichman and Pomerance 





Williamson and Greeley 


Paalman and Hunt 





Davis and Campbell 


Totals 





The dangerous postpartum bleeding of 
placenta previa has long been considered to 
be due to lower segment atonicity. Contrac- 
tion and retraction of fibers (of whatever 
nature, muscle or fibrous) was deemed im- 
perfect and resulted in freely bleeding sinus- 
oids. In numerous obstetrical centers the 
lower segment is routinely packed after ce- 
sarean section for placenta previa (3, 9, 12). 
It would seem that the mechanism of per- 
sistent bleeding in certain cases of placenta 
previa might be more plausibly explained on 
the basis of multiple focal or partial areas of 
placenta accreta. Uterine bleeding following 
the removal of an accretic placenta is due, 
in large part, to the blood vessels traversing 
the myometrium having been torn when the 
cytotrophoblast and villi of the adherent 
placenta are removed. Microscopic examina- 
tion reveals that these placental site sinusoids 
in cases of placenta accreta are of much 
greater size and more numerous than in the 
normal situation. These large caliber vessels, 
usually seen in the decidual bed, but now 
found lying within the myometrium, are the 
immediate source of hemorrhage. 

Following separation, in a normal placental 
site, the terminal vessels situated in the re- 
maining decidua spongiosa and basalis reg- 
ularly undergo rapid stasis and thrombosis. 
Contraction and retraction of myometrial 
fibers are essential in allowing thrombosis to 
occur in the decidual sinusoids. Thus, it is 
believed that complete hemostasis requires 
both the normal contraction of the myome- 
trium and thrombosis of the terminal vessels 
within the decidua. The decidua, similar to 
endometrium, has neither tensile strength nor 
muscle contraction to aid vessel occlusion. In 
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placenta accreta, however, the absence of 
decidua (with its known high thromboplastin 
content) prevents the normal sequence of 
placental site clotting. Further, when a pla- 
centa accreta complicates a placenta previa, 
the musculature of the lower segment is less 
efficient in initiating slowing of blood flow 
and consequently hemostasis is delayed or 
prevented. 

The persistent bleeding of concurrent pla- 
centa previa and placenta accreta would ap- 
pear to be due to: (1) opening of dilated myo- 
metrial sinusoids by manual removal of ad- 
jacent trophoblast, (2) diminution in the 
amount of decidua with an insufficiency in 
local thrombosis of the vessels at the placental 
site, and (3) poor contractility of lower seg- 
ment musculature. 

Treatment. Statistically, the treatment of 
choice in total placenta accreta, percreta, or 
increta is supravaginal hysterectomy. When 
the placenta accreta extends deeply into the 
cervix a total hysterectomy may occasionally 
have to be considered. In rare instances, in 
which the patient is a young primigravida 
and when excessive hemorrhage has not oc- 
curred, it has been suggested that the pla- 
centa be left in situ. Several such cases have 
been reported (14) and Schumann, long an 
advocate of conservative therapy in this con- 
dition, noted that in 5 consecutive cases the 
placenta was eventually expelled after a 
stormy puerperium, and 3 of these women 
had since borne children. When this proce- 
dure is elected, however, the patient must be 
kept under close observation with adequate 
blood in readiness and the necessary prepara- 
tions for an emergency hysterectomy at hand 
should excess bleeding supervene. In view of 
the results reported utilizing hysterectomy, 
however, such conservative treatment in- 
volves considerably more risk and, in general, 
would seem to be unwarranted. Cases 8 and 
9 exemplify the danger of this type of man- 
agement. 

In this series packing the lower segment 
with gauze or hemostatic products or the use 
of figure of 8 sutures about the oozing areas 
failed to produce effective hemostasis. There- 
fore, supravaginal hysterectomy with figure 
of 8 sutures placed deeply into the cervical 
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stump should be performed. The rapidity 
and simplicity of this procedure are preler- 
able to the added risk of complete hyster- 
ectomy. It is evident from these cases that, 
despite prompt diagnosis, blood loss was con- 
siderable and generous amounts of blood re- 
placement were needed. The operation that 
can be performed with dispatch and is suffi- 
cient to control hemorrhage appears to be 
the procedure of choice. Preserving the lower 
portion of the cervix aids materially in ac- 
complishing these requirements. It should 
be further recalled that the vaginal artery, 
encircling the upper portion of the vagina, 
undergoes hypertrophy during pregnancy. 
Surgical interference with this area invites 
disaster, particularly in the presence of ex- 
tremely friable tissue made so by the ad- 
jacent placenta. 


SUMMARY AND CONCLUSIONS 


1. Simultaneously occurring placenta pre- 
via and placenta accreta have been infre- 
quently reported in the literature, only 21 
cases having been described prior to 1950. 

2. A review of the recorded cases together 
with 9 cases occurring in the Boston Lying-in 
Hospital during the past 15 years is pre- 
sented. 

3. It is suggested that a larger percentage 
of cases of placenta previa will show evidence 
of placenta accreta if all such placentas are 
submitted to extensive microscopic examina- 
tion. 

4. The persistent bleeding from the lower 
segment in certain cases of placenta previa is 
postulated as being due to deficient local 
thromboplastic activity secondary to defi- 
cient decidua together with disruption of 
myometrial sinusoids from removal of adja- 
cent trophoblast. 

5. The treatment of this complication is 
outlined. 
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THE RELATIONSHIP BETWEEN BILIARY TRACT 
AND CORONARY ARTERY DISEASE 


MAX B. WALTERS, M.D., and ARTHUR M. MASTER, M.D., New York, New York 


ANY years ago, Babcock (2, 3) 
drew attention to the frequency 
with which myocardial disorders, 
particularly ‘“anginoid pains,” 

are associated with gall-bladder disease. Since 
then, evidence has accumulated purporting to 
show that the coincidence of gall-bladder and 
coronary artery disease is more common than 
is the incidence of each condition alone. Brey- 
fogle, in a statistical study of 1,493 necropsy 
records, concluded that there was ‘‘a striking 
and positive association, regardless of age or 
sex, between gall-bladder disease and coronary 
artery disease, where the latter is regarded as 
the direct cause of death, or a primary con- 
tributing factor toward death.” This finding 
has been substantiated, in similar studies, by 
Willius and Brown (40) and Bean. In 1,798 
autopsied cases, Walsh, Bland, Taquini, and 
White found that the association of gall-blad- 
der disease with coronary artery disease was 
twice as common as their occurrence separate- 
ly. Tennant and Zimmerman, in a biometric 
study of 1,600 necropsied cases, also reported 
a significant coincidence of the two conditions. 
Miller showed by postmortem examinations 
that the degree of arterial degeneration was 
higher and that severe arterial degeneration 
was more common among patients with dis- 
eased gall bladders than among those whose 
gall bladders were normal. Clinical studies 
(19, 32, 41) also tend to indicate that the two 
conditions are frequently associated. 

Furthermore, it has often been found that 
cardiac disorders may be improved by re- 
moval of a diseased gall bladder (8, 9, 11, 17, 
18, 20, 28, 36, 41). The beneficial effect of 
such an operation, in some cases, may be 
evidenced by improvement of cardiac function 
but more often by relief of the anginal pains 
and by disappearance of the abnormalities in 
the electrocardiogram. 


From the Cardiographic Department, The Mount Sinai Hospi- 
tal, New York, New York. 


It is not surprising, then, that many ob- 
servers (6, 8, 38) have concluded that the 
cardiac signs and symptoms, in these cases, 
are caused by the biliary tract affection. 
They believed that gall-bladder disease per se 
could actually produce angina-like pain, and 
could even produce a “toxic” effect on the 
heart. However, the question that arises is 
whether the subjective and objective cardiac 
manifestations are caused solely by the biliary 
tract disease or by underlying heart disease. 
Thus, even though the gall-bladder disorder 
may be a contributing or aggravating factor, 
the cardiac manifestations may always be an 
expression of underlying heart disease. A 
patient may give no typical history of angina 
pectoris and have a normal resting electrocar- 
diogram, yet he may suffer from coronary 
artery disease. It has been noted by several 
investigators (22, 26, 31, 39) that as many 
as 25 to 60 per cent of patients with angina 
pectoris have a normal resting electrocardio- 
gram. For this reason, functional tests of the 
heart (19, 22) as well as other examinations, 
such as ballistocardiography (21, 33, 34) may 
be necessary to demonstrate underlying 
coronary artery disease. 

In an attempt to clarify the problem of the 
relationship of biliary disease and the fre- 
quently associated cardiac symptoms and 
signs, a thorough clinical investigation of a 
group of patients with gall-bladder disease 
was undertaken. The two-step test, as 
described by Master, was used as a diagnostic 
aid in the study. The criteria for the interpre- 
tation of this exercise test have been fully 
discussed (22). 


MATERIAL AND METHODS 


The patients studied all had radiographic 
or operative evidence of gall-bladder disease. 
A careful history was taken in all the cases, 
a physical examination was done, as were 
fluoroscopic and/or x-ray examination of the 
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heart, and a resting 12 lead electrocardiogram. 
A single two-step exercise test was performed 
on those patients whose resting electrocardio- 
gram was normal; if the single test was nega- 
, a double two-step test was performed. 
few cases, ballistocardiograms were taken 
i: }) a photoelectric machine and by a modi- 
Dock technique. 

he patients were divided into two groups 
1ose with acute biliary tract disease, and 
xe with chronic disease. Group I com- 
ed 17 patients, who were admitted to the 
int Sinai Hospital, New York, for acute 
stone colic or who suffered from an acute 
ck while in the hospital. In 3 of this 
ip, the gall bladder had previously been 
oved, the diagnosis on admission being 
mon duct stone. All but 3 had fever and 
ocytosis. All had tenderness on pressure 
r the right upper quadrant and epigas- 
im. Electrocardiograms were obtained 
‘tly after admission or after an acute 
iack. When the acute attack had subsided 
‘he operation had been done, a two-step 
xercise test was performed if the resting 12 
lead electrocardiogram was normal. One pa- 
tient was not seen during the acute attack, 
but the electrocardiograms taken at that time 
were available; he was subsequently examined 
by us. Seven of the group were males and 10 
were females; 13 were between the ages of 41 

and 71, 3 being younger, and 1 older. 

Group II comprised 28 patients with symp- 
toms of chronic gall-bladder disorder; 10 of 
these also had symptoms of heart disease 
(angina pectoris). There were 23 females and 
5 males. All but 5 were between the ages of 
41 to 71; 4 were younger and 1 was older. The 
patients in this group were studied in the 
same way as were those in group I. 


RESULTS 
Group I comprised the patients with acute 


biliary tract disease; it was divided into two - 


categories: (a) those with a normal electro- 
cardiogram (9 cases); and (b) those with an 
abnormal electrocardiogram (8 cases). 

All 9 patients in the first category showed a 
normal 12 lead electrocardiogram shortly 
after an attack of acute cholecystitis. One 
patient was 17 years of age and another was 
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29 years; the remainder were between the 
ages of 42 and 63. Four were males and 5 
were females. In 5 of the cases, the double 
two-step test was done after recovery from a 
cholecystectomy; in the 4 remaining cases, it 
was done after the acute attack had subsided. 
In no case was there a history of cardiovascu- 
lar disease, and examination of the cardio- 
vascular system was negative. In each case, 
the double two-step test was negative. Hence, 
as far as could be determined, those patients 
who had no symptoms of cardiac disease 
showed no evidence of an organic heart lesion. 
The electrocardiogram both at rest and after 
the two-step standard test was normal. 

In the second category, those with acute 
gallstone colic and abnormal electrocardio- 
gram, there were 8 cases, 3 males and 5 fe- 
males. Their ages ranged from 33 to 80 years. 
In 7 cases, definite symptomatic or electro- 
cardiographic evidence of coronary heart dis- 
ease was obtained; in the remaining case, the 
evidence was highly suggestive. These re- 
sults indicate that, when electrocardiographic 
changes occur in patients who have acute 
biliary tract disease, underlying coronary 
artery disease is always present. Cardiac 
symptoms (angina pectoris) were not present 
in all of the cases. Brief case reports and 
illustrative examples of the electrocardio- 
graphic changes in this group are presented. 

CasE 1. F.S., a 33 year old woman, complained 
of severe, recurring epigastric and right upper 
quadrant pain of 9 days’ duration; the pain radiated 
to the back and right shoulder. Three years ago, 
she had had a cholecystectomy for gallstones. For 
the past 2 years, she has had recurring attacks of 
gallstone colic. On one occasion, the pain radiated 
down the inner aspect of the left arm, but not into 
the precordium. There were no cardiac symptoms. 
Examination of the cardiovascular system was neg- 
ative (blood pressure 120/76). In August 1950, an 
operation was done, and several stones were removed 
from the cystic and common ducts. The electro- 
cardiographic findings are shown in Figure 1. The 
ST and T wave changes, which were present preop- 
eratively, gradually reverted to normal. A single 
two-step test, done 3 months postoperatively, was 
positive. 

CasE 2. A.I., a 57 year old male physician, with 
no cardiovascular symptoms and a negative cardio- 
vascular examination, had flattening and semi- 
inversion of the T wave in leads II and CF,. These 
were associated with gall-bladder disease. The elec- 
trocardiogram became normal to days after removal 
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Fig. 1. Case 1. Stones removed from cystic and com- 
mon bile duct, July 19, 1950. Preoperative electrocardio- 
gram, July 19, 1950: T wave diphasic in I and V4. Follow- 
ing operation T waves gradually normalized. Positive re- 
sponse to single two-step test on September 28, 1950: ST 
segment depression in I, II, and V4. 




































































of the gall bladder. Two years later, a double two- 
step test was markedly positive. 


In these 2 cases, the abnormal electrocardio- 
graphic changes present at the time of the 
acute gallstone attack reverted to normal 
following the operation. In both instances, a 
two-step test subsequently revealed objective 
evidence of coronary insufficiency, indicating 
the probable presence of underlying coronary 
artery disease even though no cardiac symp- 
toms were present. 

CASE 3. G.R., a 65 year old woman, was admitted 
with crampy epigastric pain of 3 days’ duration, 
radiating to the right scapula and shoulder. In 1943, 
she had had a cholecystectomy for cholelithiasis, 
with stones in the common duct. Since then, she 
has had innumerable episodes of colicky pain. She 
has been a known diabetic for 14 years; this was 
controlled by diet alone. The fasting blood sugar 
was 140 milligrams per cent. The cardiovascular 
history and examination were negative (blood pres- 


sure 130/70). Electrocardiograms, taken on ad. 
mission were abnormal and showed isoelectric T 
waves in leads II, Vs, and Vs. The common duct 
was explored, and a T tube was inserted. Two 
weeks following the operation, the electrocardiogram 
was normal. Six months later, a double two-step 
test was considered to be borderline. A ballistocar- 
diogram was abnormal. 


This is another case in which the electro- 
cardiogram became normal after operation. 
Although the evidence is not conclusive, the 
association of an abnormal ballistocardiogram 
with a borderline two-step test is highly sug- 
gestive of the presence of some underlying 
coronary disease. 


CAsE 4. P.M., a 71 year old woman, gave a 1% 
year history of recurrent attacks of epigastric pain 
which radiated along both costal margins and to the 
right side of the back. These attacks were usually 
associated with a “clutching, pressing’’ substernal 
pain. This pain never occurred with exercise. 
Examination of the cardiovascular system was 
essentially negative (blood pressure 160/90). The 
gall bladder was not visualized, even after a double 
dose of the contrast medium. On the fourth and 
fifth days of her hospital stay, she experienced 2 
attacks of pain. The electrocardiograms, taken 
after these attacks, are shown in Figure 2. Primar- 
ily, they show T wave changes which gradually dis- 
appeared. When the electrocardiogram became 
normal, a single two-step test was done and found to 
be positive. Cholecystectomy subsequently re- 
vealed 3 large stones in the gall bladder. 

Case 5. P.F., a 48 year old woman, was ad- 
mitted to the hospital with complaints of midepi- 
gastric pain, dark urine, and light stools of 6 days’ 
duration. In 1936, a cholecystectomy was done for 
gallstones and colic. Since then, she has had re- 
current attacks of midepigastric and right upper 
quadrant pain, radiating to the back. The cardio- 
vascular history and examination were negative 
(blood pressure 125/85). The electrocardiographic 
findings are shown in Figure 3. The flattening and 
inversion of the T wave, which were present after 
the acute attack, gradually reverted to normal. A 
double two-step test was then positive. 


In these 2 cases, the electrocardiogram be- 
came normal when the acute gallstone attack 
subsided. In Case 4, attacks of angina were 
believed to have occurred concomitantly with 
the gall-bladder attacks. In both cases, a 
positive two-step test was obtained to con- 
firm the presence of underlying coronary 
artery disease. 

CasE 6. S.P., an 80 year old man, was admitted 


to the hospital with an empyema of the gall bladder. 
He had been a patient in the cardiac clinic for 10 to 
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Fig. 2. Case 4. Admission electrocardiogram, August 17, 1950, normal. Following attack 
of acute cholecystitis, electrocardiogram August 23, 1950, shows slight sagging of ST seg- 
ment in lead II with flattening of T in Vs. These changes gradually reverted to normal. A 
single two-step test, September 8, 1950, showed a positive response: ST segment depression 


and flattening of T wave in V4. 


15 years, because of dyspnea and chest pain on 
exertion; these symptoms were relieved by nitro- 
glycerin. On admission, the electrocardiogram 
showed ST segment depression in leads I and V; 
and low to isoelectric T waves in leads I, V4, and Vs. 
As his attack subsided, the electrocardiogram re- 
turned to normal in 1 week. A ballistocardiogram 
was abnormal. 


Although no exercise test was done because 
of the patient’s age, he gave a definite history 
of angina pectoris and presented evidence of 
coronary artery disease prior to his attack of 
acute cholecystitis. 


CasE 7. C.G., a 41 year old woman, entered the 
hospital because of daily attacks of bloating asso- 
ciated with sharp epigastric pain, radiating to the 
right scapula. The cardiovascular history and 
examination were negative. X-ray examination re- 
vealed a large calculus in the gall-bladder region. On 
admission, the electrocardiogram showed low T 
waves in the standard leads and in [ead V;. The T 
wave was semi-inverted in Vy. A single two-step 
test was markedly positive, the T wave in V, becom- 
ing upright immediately after exercise and markedly 
inverted 4 minutes later. 


Though the exercise test was done before 
the admission electrocardiogram had become 
normal, it provided definite evidence of the 
presence of coronary insufficiency. The pa- 
tient, unfortunately, could not be located for 
a postoperative follow-up examination. 


Case 8. I.Z., a 56 year old man, was admitted to 
the hospital because he complained of epigastric 
pain which radiated to the right costal margin. The 
pain had been present for several weeks. Since 1939, 
he had had recurring attacks of gall-bladder colic. 
A solitary gallstone was disclosed by x-ray examina- 
tion. The cardiovascular history and examination 
were negative. A cholecystectomy was done in July, 
1950. Electrocardiograms taken before and after 
the operation are shown in Figure 4. The electro- 
cardiogram taken 4 weeks postoperatively disclosed 
an anteroseptal infarction. The patient could not 
recall any definite chest or arm pain after the oper- 
ation. He was allowed to walk on the second post- 
operative day. The postoperative course was un- 
eventful except for the closure of a wound dehiscence 
done on the eighth postoperative day. 


The development of a myocardial infarc- 
tion after the cholecystectomy is good evi- 
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Fig. 3. Case 5. Electrocardiogram on August 29, 1950, 
following attack of acute cholecystitis, shows T waves low 
in I and II, inverted in III and Vy. On September 8, 1950, 
electrocardiogram normal. Double two-step test positive, 
September 22, 1950: slight ST segment depression and 
diphasic T in V4. 





dence that coronary artery disease was pres- 
ent. It is important to note that the infarc- 
tion was not diagnosed until an electrocardio- 
gram was done 4 weeks postoperatively. 

From an analysis of this group of cases, we 
may conclude that the occurrence of abnor- 
mal electrocardiographic changes with an 
attack of acute gallstone colic indicates the 
presence of underlying coronary artery dis- 
ease. 

Group II comprised patients who had 
chronic gall-bladder disease. It was also 
divided into two categories: (a) those with a 
history of chronic gall-bladder distress with- 
out cardiovascular symptoms (18. cases); 
(b) those with a history of gall-bladder dis- 
tress with cardiovascular symptoms (angina 
pectoris) (10 cases). 

Of the 18 patients in the first category who 
had no cardiovascular symptoms, in 16, single 
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and double two-step tests were negative. The 
2 positive tests occurred in a 53 year old 
woman, who had diabetes and a labile blood 
pressure, and in a 50 year old woman, who had 
episodes of palpitation of 2 years’ durition 
but did not suffer from angina. Although 
these 2 patients had no definite symptoms of 
cardiovascular disease, it is conceivable that 
latent coronary artery disease was present. 

All 10 patients in the second category vave 
a history of angina pectoris and showed 
evidence of organic heart disease; 4 had an 
abnormal resting electrocardiogram, and 5 
an abnormal two-step test. The remaining 
patient had a borderline two-step test but 
showed a markedly abnormal ballistocardio- 
gram; the objective evidence in this case is, 
therefore, strongly suggestive of coronary 
artery disease. Two patients in this group 
had hypertension. In 3, characteristic anginal 
pain occurred only at the time of the attacks 
of gall-bladder colic. In the other 5, the angina 
occurred on effort, as well as with the gall- 
bladder attacks. 

Thus, in all 10 patients in this group who 
gave a history of coronary artery disease, ob- 
jective evidence of it was found—abnormal 
electrocardiographic changes at rest or on 
exercise; whereas, in 16 of the 18 patients who 
had no anginal symptoms, a complete cardio- 
vascular examination, including a single and 
double two-step test, was negative. In the 
other 2 cases, a positive two-step test was the 
only abnormal finding, suggesting the pres- 
ence of occult coronary disease. As a general 
rule, therefore, it may be said that cardiac 
symptoms, in cases of biliary tract disease, are 
almost always due to underlying cardiac 
disease. 

DISCUSSION 

It seems evident, from the first group of 
cases studied, that acute cholecystitis or gall- 
stone colic may affect the electrocardiogram, 
either in the presence or absence of cardiac 
symptoms. The change predominantly found 
was a flattening and inversion of the T waves 
and, to a lesser extent, an ST segment de- 
pression. When these abnormalities occurred, 
it was possible to demonstrate the presence 
of underlying coronary disease. If an attack 
of acute cholecystitis or gallstone colic did not 
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x. 4. Case 8. Cholecystectomy July 21, 1950. Pre- 
op: ative electrocardiogram July 20, 1950: low 71, slight 
ST \epression in V3, 4, diphasic T in Vy. One month after 
ope .tion, August 18 1950, changes of anteroseptal infarc- 


produce electrocardiographic abnormalities, 
no demonstrable coronary artery disease was 
present. These findings indicate that electro- 
cardiographic changes seen in cases of acute 
biliary tract disease occur only when under- 
lying coronary artery disease is present and 
are not caused solely by the biliary affection. 
In corroboration of these findings, Ravdin re- 
ported that Ballet and Meade, working in his 
laboratory, could obtain no major electro- 
cardiographic changes by mere distention of 
the gall bladder or common duct in a dog. 
However, if some minor abnormality, such as 
ligating a small coronary vessel, had been 
previously produced, mere distention of the 
biliary tract did cause abnormalities in rhythm 
and conduction. Hodge, Messer, and Hill 
also could not produce significant electro- 
cardiographic changes merely by distending 
the gall bladder of normal dogs. If lesions of 
the coronary arteries had been experimentally 
produced previously, however, significant ab- 
normalities of the RST segments of the elec- 
trocardiogram were consistently found. This 
experimental work tends to substantiate our 
finding in this study: Latent or apparent 

















































































































tion in the subacute phase: deep Q waves V; to V3, ST 
elevation V2 to Vs, T inversion in I and V3 to V;. Two 
and one-half months later, November 3, 1950: ST eleva- 
tions no longer present, T upright in Vo,3,5. 


coronary sclerosis is present in most, if not all, 
patients whose electrocardiogram is affected 
by acute gallstone colic or cholecystitis. If 
this were not the case, all people with such 
acute conditions would show similar electro- 
cardiographic patterns (Clarke). 

The mechanism of the production of the 
electrocardiographic changes, in these cases, 
is an interesting matter for speculation. The 
gall-bladder and cardiovascular systems are 
related physiologically. Both are innervated 
by the sympathetic and parasympathetic 
nervous systems, and both are subject to re- 
flexes of either of these systems. The gall 
bladder is supplied by the vagus and by sym- 
pathetics from the celiac plexus. As has been 
pointed out by Anrep, Greene, and others, the 
vagus nerve exerts a tonic vasoconstrictor ef- 
fect upon the coronary vessels. This varies in 
degree with different physiological conditions. 
Gilbert, Fenn, and LeRoy (13, 14) have 
shown that the coronary blood flow in the 
dog may be reduced by distention of the stom- 
ach or abdominal cavity and that this effect 
may be abolished by vagal section or atropine. 
According to them, similar effects also may 
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result from irritation of the gall bladder of 
lightly anesthetized dogs. Gilbert (12) later 
reported that he had been able to obtain 
definite evidence of a decrease in coronary 
flow in the decerebrate dog by distention of 
the gall bladder or its duct. This reflex did 
not occur after vagotomy had been done or 
atropine given. From these experiments, it 
may well be postulated that distention and 
irritation of the gall bladder or its ducts 
initiate afferent impulses in the vagus nerve. 
These produce efferent vagus impulses of 
central reflex origin which may lead to coro- 
nary vasoconstriction. When some inter- 
ference with the coronary circulation due to 
coronary sclerosis is present, the added bur- 
den due to biliary tract disease may result 
in a reduction in the coronary blood flow 
sufficient to produce electrocardiographic 
changes and, perhaps, even myocardial 
damage. 

McArthur and Wakefield (24, 36), by acute 
distention of the gall bladder in human beings, 
have been able to depress the JT wave in lead 
II to the isoelectric level in some cases and to 
produce a prolonged auriculoventricular con- 
duction time in many. It would be interest- 
ing to examine the patients in whom these 
changes could be produced for objective 
evidence of underlying coronary artery dis- 
ease. 

If the electrocardiographic changes are due 
to a form of vasovagal reflex, as outlined, the 
regression of such changes following chole- 
cystectomy or the subsidence of the acute gall- 
bladder attack could well be explained. Such 
changes have been reported by many ob- 
servers (6, 10, 11, 27, 38). 

It is important to note that 1 patient (Case 
8), who showed ST and T wave changes with 
the attack of acute cholecystitis, developed an 
anterior myocardial infarction following the 
operation. This was not diagnosed until an 
electrocardiogram was taken 4 weeks later. 
Undoubtedly, the pain caused by the infarc- 
tion was masked by the administration of 
postoperative narcotics as well as by the pain 
in the wound. This patient was allowed out 
of bed on the second postoperative day. Al- 
though he suffered no immediate complica- 
tions therefrom, the possible late effects, such 


as ventricular aneurysm and cardiac enlarge- 
ment, may be of considerable consequence, 
Other instances have been reported (4, 30) in 
which a myocardial infarction went unnoticed 
after cholecystectomy and was discovered 
only upon taking an electrocardiogram. Be- 
cause of this possibility and because we be- 
lieve that most, if not all, cases of acute 
cholecystitis with electrocardiographic chang- 
es have underlying coronary artery diseasc, we 
feel that it is imperative to do a routine preop- 
erative electrocardiogram on all patients with 
acute biliary tract disorders. If this is abnor- 
mal, postoperative electrocardiograms should 
be done before the patient is allowed out of 
bed, and, preferably, also before discharge 
from the hospital so that a myocardial infarc- 
tion may not go unrecognized. 

In our study, there was evidence of under- 
lying coronary artery disease in all patients 
who presented symptoms of both angina 
pectoris and chronic gall-bladder disease. 
This indicates that the anginal symptoms, in 
these cases, are due to the presence of coronary 
sclerosis. Hence, it is extremely important 
to differentiate between the two conditions, 
particularly since the symptoms of one may 
simulate those of the other and since the two 
frequently occur together. Robey stressed 
the importance of this differentiation many 
years ago. Wolferth has shown that there 
should be little difficulty in distinguishing be- 
tween the pain of gall-bladder colic and angina 
pectoris if a careful history has been taken. 
As is well known, epigastric pain may occur 
with angina pectoris; almost invariably, how- 
ever, anginal pain radiates under the sternum 
and often to the shoulders and down the left 
arm. It does not tend to radiate to the sub- 
scapular region. It is usually of a character- 
istic “pressing, clutching” quality and is 
hardly ever centered in the right upper quad- 
rant of the abdomen. In some cases, the 
anginal episode accompanies the gallstone 
attack and appears to be set off by it. The 
gall-bladder attack may perhaps act as a 
trigger mechanism, setting off vasovagal re- 
flexes which result in a reduction or alteration 
of the coronary blood supply so that existing 
minor deficiencies in the coronary circulation 
become manifest or pre-existing symptoms be- 
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come aggravated. Thus, Ravdin has repro- 
duced anginal pain in 2 patients by distention 
of the common bile duct. In patients suffer- 
ing from chronic gall-bladder disease and the 
«inal syndrome, we have found the two- 
) exercise test to be of distinct help; it pro- 
‘s objective evidence of coronary insuf- 
ncy in the presence of a normal resting 12 

a | electrocardiogram. 
jisorders of other abdominal viscera sup- 
id by the vagus nerve may also produce 
iges similar to those caused by biliary 
t disease. Thus, Master, Dack, Stone, 
Grishman have found that uncomplicated 
us hernia does not provoke typical angina 
oris unless there is associated coronary 
‘ ry disease. Functional tests of the heart 
e shown to be a diagnostic aid in these 

s also. 
CONCLUSIONS 

Since gall-bladder and coronary artery 
is ase are frequently associated, and since 
symptoms of one may simulate those of 
« other, it is important to differentiate be- 
twcen the two conditions. The differential 


jagnosis is not difficult if a careful history 
has been taken. It is aided by the two-step 
exercise test which may provide objective 


evidence of coronary insufficiency when the 
resting 12 lead electrocardiogram is normal. 

Symptoms and signs of heart disease in 
patients who suffer from gall-bladder dis- 
orders are due to an underlying involvement 
of the heart or coronary arteries, as evidenced 
by the abnormal electrocardiographic changes 
found at rest or after the two-step exercise 
test. 

3. An acute gall-bladder attack may, 
through a vasovagal reflex, precipitate acute 
coronary insufficiency in those patients who 
have pre-existing coronary artery disease. 

4. In patients with acute gall-bladder dis- 
ease, the resting 12 lead electrocardiogram 
may be normal, or it may become normal 
after the acute attack has subsided or after 
operation. However, the diagnosis of coronary 
artery disease should not be excluded in such 
cases until a two-step test has been done and 
found to be normal. 

5- In all doubtful cases, in which an 
anginal syndrome is present or in which there 
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are other cardiac symptoms, a two-step exer- 
cise electrocardiogram should be taken in 
order to provide objective evidence of an exist- 
ing coronary insufficiency or to exclude it. 

6. Following cholecystectomy for an in- 
flamed gall-bladder or for gallstones in such 
cases, the cardiac condition may be improved. 
The acute anginal pain and the other cardiac 
symptoms may disappear, as may also the 
abnormal electrocardiographic changes. The 
underlying disease of the coronary arteries, 
however, is not affected by such surgical 
procedures. 

7. Disease of the gall-bladder is frequently 
found in association with disease of the 
coronary arteries. Since both conditions often 
occur in the same age group and since both 
may have a common etiologic basis, their fre- 
quent association is probably coincidental. 
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DUMBBELL (HOURGLASS) NEUROFIBROMAS 
AFFECTING THE SPINAL CORD 


| GRAFTON LOVE, M.D., F.A.C.S., and HENRY W. DODGE, JR., M.D., Rochester, Minnesota 


N few fields in modern medicine will early 
diagnosis and surgical intervention pro- 
duce more dramatic results than in the 
removal of benign neoplasms causing 

- ssure on the spinal cord. 

\lthough not generally emphasized, well 

r half of the new growths affecting the 

nal cord are curable by surgical procedures, 

| early recognition can mean complete neu- 

gic salvage of the afflicted patient. To 
\erlook a benign lesion or to allow it to 
pi gress until the patient is totally disabled 
v.y be tragic for both the attending physi- 
cin and his patient. 

Recently we had occasion to remove a dumb- 
bell neurofibroma of the spinal cord causing 
severe compression. The startling postopera- 
tive recovery served to focus our attention 
once again on the importance of early diag- 
nosis. In addition, it made us wonder whether 
dumbbell neoplasms of the spinal cord, often 
unrecognized, might not occur more frequent- 
ly than is commonly supposed. 

Since in most series the neurofibroma is the 
most common tumor affecting the spinal cord 
and because neurofibromas are the most fre- 
quent tumors to assume an hourglass or dumb- 
bell shape as they grow, we believed it would 
be of interest and practical value to review the 
hourglass neurofibromas affecting the spinal 
cord which have been encountered at the 
Mayo Clinic. 


SELECTION OF CASES 


From the year 1914 until the end of 1950, 
approximately 1,000 spinal cord neoplasms of 
all kinds have been operated on at the clinic. 
In a recent evaluation of this group of neo- 
plasms, Adson found 29 per cent of them to be 
neurofibromas. In this same group of neo- 
plasms of the spinal cord, we have been able 
to find 60 neurofibromas which have grown in 
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a dumbbell or hourglass shape and affected 
the spinal cord or its roots. 

In analyzing this group of dumbbell tumors 
of the spinal cord, we have accepted for 
analysis only those neurofibromas arising from 
the highest cervical to the lowest sacral levels 
of the spinal cord. We have excluded the 
highly interesting group of craniospinal tumors 
which extend through the foramen magnum. 
All other lesions affecting the spinal column 
and spinal cord, which assume an hourglass 
shape in growth, have been discarded. 


DEFINITION 


A dumbbell neurofibroma of the spinal cord 
is a benign neoplasm which arises from a 
nerve root and grows in such a way that two 
or more portions of the tumor are connected 
by a narrow stalk through an intervertebral 
foramen, through the interlaminar space of the 
vertebrae, or through the dura mater. 


LITERATURE 


The complication of tumor growing through 
an intervertebral foramen was, to our knowl- 
edge, first alluded to by Weber (28, 29) in 1856 
writing on one of Paget’s cases. Somewhat 
later, Virchow described a case operated on by 
Bardeleben in 1899, and this seems to have 
been the first dumbbell tumor of the spinal 
cord operated on, and also among the earliest 
tumors of the spinal cord operated on. 

Throughout the German, French, Spanish, 
and English literature, the dumbbell tumor 
can be recognized under a variety of names 
(2, 4, 5, 14). From 1870 until the turn of the 
century, several cases of these tumors were 
seen and recorded in the literature (8, 10, 11), 
and from the year 1900 until 1920 when Antoni 
published his excellent work on tumors of the 
spinal cord and included a chapter on dumb- 
bell tumors, reports of cases of these interest- 
ing hourglass neoplasms sporadically appeared, 
primarily in the German literature (4, 6, 
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Fig. 1. Typical intradural, extradural, and extraspinal 
dumbbell neurofibroma. Note silver clip on spinal nerve 
roots. 


10-13, 15, 16, 18, 20, 21, 24, 26). Heuer’s 
comprehensive article in 1929, in which he 
collected all the known cases, is a noteworthy 
work. Heuer suspected, as did Naffziger and 
Brown in 1933, that these hourglass tumors 
were of not infrequent occurrence. The latter 
authors presented 15 additional cases in which 
operation had been performed on their service 
at the University of California. Since then 
the literature on this subject has grown rapid- 
ly (2, 5, 7; 9, 17; 19, 22, 23, 30). 

In a review of the general literature on the 
subject of dumbbell tumors affecting the 
spinal cord, it becomes quickly apparent that 
dumbbell tumors, far from being pathologi- 
cally unique, are in reality fairly common. In 
spite of diligent searching, doubtless many un- 
discovered early cases still lie buried in the 
literature included among other subjects. 


PATHOLOGIC ASPECTS 


A multiplicity of lesions may assume an 
hourglass or dumbbell shape as they enlarge 
and affect the spinal cord. The most common- 
ly encountered neoplasms are: neurofibromas 
(neurilemmomas), fibromas, ependymomas, li- 
pomas, enchondromas, meningiomas, heman- 
gio-endotheliomas, ganglioneuromas (and 
other more embryonal sympathetic tumors), 
sarcomas, and carcinomas. More rarely, 
chordomas, blastomycosis, echinococcosis, and 
the commoner granulomas may affect the 
spinal cord and reproduce the peculiar hour- 
glass deformity. The most common dumb- 








Sacral | Lumber 


Right 26 Left 32 
Totai 60 


Fig. 2. Levels at which the 60 dumbbell neoplasms 
(neurofibromas) were encountered at operation. 


bell tumor of the spinal cord is, however, the 
neurofibroma. 

Most often this tumor has a spinal portion, 
a foraminal or interlaminar stalk, and an ex- 
traspinal portion. Depending on the level of 
origin, from the highest cervical to the lowest 
sacral segment, the hourglass neurofibroma 
may affect various segments of the spinal cord 
in addition to paraspinal structures adjacent 
to the level of the involvement. 

These tumors can be more simply and con- 
veniently divided into three categories: (1) 
intradural and extradural; these neoplasms 
affect the spinal cord and nerve roots and are 
connected by a narrow pedicle through the 
dura mater; (2) intradural, extradural, and 
extraspinal; this type of neurofibroma has an 
intradural and extradural portion in addition 
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ig. 3. Dumbbell neurofibroma removed from the region 
of ‘he fifth thoracic foramen. 


to an extraspinal portion (Fig. 1); and (3) ex- 
tradural and extraspinal. The third group is 
entirely extradural in location and communi- 
cates with an extraspinal portion. 

A narrow portion or constricted pedicle of 
tumor may connect the two parts of these 
dumbbell tumors through the dura, through an 
intervertebral foramen or between the laminae 
of the vertebrae. The extraspinal portion 
may be situated (according to level) in the 
paraspinal muscles, in the anterior or posterior 
triangles of the neck, thoracic cavity, abdo- 
men, or pelvis. The most common site for the 
extension which forms a dumbbell is through 
an intervertebral foramen. 

In our series of 60 cases of hourglass neuro- 
fibromas, 26 were in the cervical region, 21 in 
the thoracic, 11 in the lumbar, and 2 involved 
the sacral nerve roots (Fig. 2). Only surgically 
and histologically verified cases were accepted 
for analysis. 

Grossly, the dumbbell neurofibroma may be 
fusiform, rounded, bilobulated, or multilobu- 
lated, usually with a narrowed or constricted 
portion where it has traversed the dura, 
intervertebral foramen, or interlaminal space 
(Fig. 3). Figure 1 shows the relation to the 
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Fig. 4. Same case as Figure 3. Microscopic view of 
dumbbell neurofibroma (hematoxylin and eosin X 70). 


' nerve root so frequently seen at operation. 


With the exception of this peculiar hourglass 
or dumbbell shape, the gross and histologic 
descriptions of the neurofibroma (neurilemmo- 
ma) are so well catalogued in the literature, it 
was not deemed necessary to include them 
here (Fig. 4). 

When not associated with von Reckling- 
hausen’s disease (multiple peripheral neuro- 
fibromatosis), the neurofibroma (neurilemmo- 
ma) is usually extremely benign, causing 
damage by slow growth and pressure on con- 
tiguous structures. 


Age Groups 
10 15 20 25 


Total cases 60 


Fig. 5. Distribution according to age of the 60 patients 
with dumbbell neurofibromas affecting the spinal cord. 
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Fig. 6. Enlarged smoothly eroded sixth cervical foramen on the left with gross speci- 
men removed at operation. The tumor lay intradural, extradural, and extraspinal. 
Symptoms were noted for 27 months (composite roentgenograms, two on one plate). 


We have preferred to use the time-honored 
and most familiar term ‘‘neurofibroma” to 
designate the tumor in question since we be- 
lieve that the etiology of nerve tumors is as 
yet unsettled. As an alternate term, neurilem- 
moma (25) seems least objectionable for it does 
not connote embryonic origin. These two 
terms will be used interchangeably in thisstudy. 


Fig. 7. Dumbbell tumor first diagnosed from roentgeno- 
gram of chest in patient complaining of backache. 


ETIOLOGIC ASPECTS 


As to origin of the dumbbell neurilemmoma, 
we have been unable from our cases to con- 


TABLE I.—SYMPTOMS MOST FREQUENTLY COM- 
PLAINED OF BY PATIENTS ON INITIAL EXx- 


AMINATION 








Times 
men- ; 
tioned* tioned* 





Numbness in extremities 31 Lump in neck | 





Completely paralyzed 


Below waist 
Below neck 


Pain 22 


Night pain 19 








Weakness of legs 19 Girdle sensation of 


tightness 








Sphincteral difficulties 16 





-| Entire side of body numb - 


Weakness of upper ex- 


tremity Unstable leg 





Difficulty in walking Unsteadiness 





Pain in right lower 
quadrant 


Sciatica 
Unilateral 
Bilateral 





Pain in chest 





Spasms of legs oi Se ae 


Priapism 





Drags foot 





Unilateral sweating on 


Stiffness of legs forehea 





Loss of sexual potentia 


Cough = 


Backache 





Pain in neck or sore neck 
muscles 








Dyspnea 


Limp 4 : 
Asymptomatic 











Atrophy of legs 4 








*Some patients mentioned more than 1 symptom. 
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Fig. 8. Typically enlarged, smoothly eroded intervertebral foramen in cervical ver- 
tebrae with gross specimen (b) removed at operation. The patient, a woman 45 years 
old, had experienced dull pain in the right hand for more than 4 years (roentgenogram 


is a composite, two on one plate). 


v nce ourselves that these tumors arise from 
tiie anterior or posterior spinal roots predomi- 
nantly. From an analysis of symptoms, the 
dorsal root may seem to be most commonly 
tlie site of origin since signs referable to the 
dorsal root are so frequently complained of. 
This, however, could not be verified surgically, 
anatomically, or pathologically. 

One case which was not included in our 
series of 60 cases, but is cited herewith, in- 
dicates that these tumors occasionally may be 
multicentric in origin. 


TABLE II.—DUMBBELL NEUROFIBROMAS OF 
SPINAL CORD: STATISTICS ACCORDING TO 











Cerebro- 
Positive | spinal 
findings | fluid 
in (elevated 
roent- | protein, 
geno- lock, 
and so 
forth) 


Average 
duration 
of symp- 
toms, 
months 


tumors 





Cervical ) 1 46 





Thoracic 38. 39 





Lumbar 7 


Sacral 





Total 























A white man, 55 years old, first registered at the 
clinic in 1939 complaining of pain in the left groin of 
4 years’ duration. Recently, the patient had begun 
to notice numbness of both feet and experienced 
severe night pain. 


Fig. 9. Lateral view of thoracic portion of spinal column 
demonstrating the enlarged, smoothly eroded interverte- 
bral foramen with the tumor mass visible. 
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Fig. 10. Position and method of removal of a low cerv- 
ical dumbbell neurofibroma, encountered in a woman 30 
years old. 


Neurologic examination suggested compression of 
the spinal cord. Roentgenograms of the thorax and 
spinal column showed evidence of an intrathoracic 
tumor with erosion of the pedicles of the tenth and 
eleventh thoracic vertebrae. 

Combined laminectomy and thoracotomy was per- 
formed in two stages. At operation, a neurofibroma 
was removed from the tenth thoracic nerve intra- 
spinally. This was connected through the inter- 
vertebral foramen between the tenth and eleventh 
thoracic vertebrae to the intrathoracic tumor by 
normal appearing nerve. This, then, was not a 
dumbbell tumor, but two tumors arising separately 
on the same nerve. 


Just as it is difficult to determine whether 
these tumors arise from the anterior or pos- 
terior root, so is it difficult to determine their 
direction of growth. Some authors have stated 
that the dumbbell neurilemmoma arises 
intraspinally and grows outward. Others hold 
the opinion that it originates extraspinally 
and invades the spinal canal. A third group 
stated that the site of origin is probably the 
intervertebral foramen with growth in both 
directions. It has even been suggested that 
the hourglass neurofibroma may be congenital 
and assumes its shape as the vertebra grows 
around it and compresses the middle or fora- 
minal portion (Fig. 5). 

We think that these dumbbell tumors most 
probably arise in several different manners, 
and that on occasion each of the origins men- 


tioned may be the actual mechanism of de- 
velopment. 
DIAGNOSIS 

A careful history was obtained and general 
physical and neurologic examinations were 
done on each patient. 

The complaints of the patients afflicted with 
a dumbbell neurofibroma of the spinal cord 
may be legion, and at first glance at Table I 
the symptoms and the neurologic evaluation 
of the patient may seem confused and unre- 
lated. However, when more carefully ana- 
lyzed, the symptoms and neurologic evidence 
of dysfunction may be related rather easily to 
the pathologic lesion. For the sake of sim- 
plicity, we have found it rather valuable to 
divide the symptoms and neurologic findings 
into those most characteristic of involvement 
of each major division of the spinal cord. 

In the thoracic region, the most characteris- 
tic manifestation of pressure by tumor was 
some form of Brown-Séquard syndrome. This 
classically is described as loss of sensation of 
pain and temperature on the side opposite to 
and below the lesion, with ipsilateral loss of 
deep joint-tendon, vibratory sensation, and 
point discrimination. Touch may be impaired 
only slightly on either side, while paresis and 
other signs of involvement of the pyramidal 
tract are found on the side of the lesion. A 
few patients have symptoms of root involve- 
ment. In our cases of neurofibroma at thorac- 
ic levels, the symptoms varied from the faint- 
est suggestion of a Brown-Séquard syndrome 
to a full-blown transverse interruption of the 
ascending and descending fibers of the spinal 
cord. 

Generally the dumbbell neurofibromas of 
the lumbar and sacral areas of the spinal cord 
first received attention because of signs and 
symptoms of slowly progressive failure of the 
nerve root; that is, early pain, then numbness, 
loss of dexterity, diminished to absent re- 
flexes, sphincteric difficulties, weakness of the 
legs, and paralysis. 

Interestingly, the dumbbell tumors of the 
cervical portion of the spinal column most 
typically showed a combination of signs ref- 
erable to pressure on the cord and root (that 
is, thoracic and lumbosacral types). The 
early complaints referable to the lesion in the 
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Fig. 11. Surgical removal of a dumbbell neurofibroma in the cervical region of a child. 
The patient had previously received a diagnosis of anterior poliomyelitis due to weak- 
ness of the right upper and lower extremities. The finding of objective sensory changes 
in the right upper extremity led us to the diagnosis of spinal cord tumor. 


cervical region were commonly those of root 
involvement. The patients usually noticed 
pain or numbness in hand, fingers, or arm. 
Inability to button clothes (loss of dexterity) 
was a repeated complaint. Gradually these 
patients would notice a numb foot or a weak 
leg until, if the condition were allowed to 
progress far enough, they too would show the 
typical signs of cord compression. 

The data concerning age, sex, duration of 
symptoms, and site of the tumors in our series 
are given in Table II. 

Roentgenologic examination. In 40 cases of 
the 60 cases there was varying roentgenologic 
evidence of the tumor. The roentgenograms 
usually made included stereoscopic postero- 
anterior views of the chest, anteroposterior, 
lateral, and, in many cases, oblique views of 
the spinal column. 

The usual roentgenologic evidence of hour- 
glass neurofibromas of the spinal cord in our 
60 cases is listed as follows: enlarged inter- 
vertebral foramen (and erosion) ; erosion or 
shortening of pedicles; increase in interpedi- 


cular distance; erosion of vertebral body; ero- 
sion of laminae; destruction of spinous process; 
decalcification of transverse process; erosion 
of vertebral portion of ribs; paraspinal mass; 
calcification of tumor; intrathoracic tumor; 
scoliosis; kyphosis; hydrothorax. The com- 
monest and the most characteristic roent- 
genographic evidence encountered was an en- 
larged, smoothly eroded intervertebral fora- 
men (Figs. 6 to 9). It must be emphasized, 
however, that roentgenographic evidence of 
an enlarged, smoothly eroded intervertebral 
foramen without confirmatory clinical neu- 
rologic findings may be misleading. This find- 
ing alone may be due to numerous other causes 
which will be considered with the differential 
diagnosis. 

Spinal puncture. Spinal puncture with 
manometric studies was performed in 43 of 
the 60 cases. In 36, abnormalities of the spinal 
fluid were found. In 21 cases the Quecken- 
stedt maneuver (jugular compression) re- 
vealed evidence of complete block to the sub- 
arachnoid pathways and in an additional 6 
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(thoracig 
portion) 


Fig. 12. Extradural-extraspinal (thoracic) dumbbell neurofibroma. a, When first exposed by laminec- 
tomy. Compression of the spinal cord may be noted. b, After removal of spinal portion of tumor. The 
silver clip on the spinal nerve root and the wide opening in the dura mater through which the surgeon 
had explored for an intradural extension should be noted. The intrathoracic portion of the dumbbell 


remains to be removed at a later date. 


cases lumbar puncture showed evidence of 
partial or incomplete spinal block. 

The commonest finding on analysis of the 
spinal fluid was an elevated content of total 
protein; usually values were more than 100 
milligrams per roo cubic centimeters. In- 
terestingly enough, 9 patients had concentra- 
tions of protein in the spinal fluid of 60 milli- 
grams per 100 cubic centimeters or less. The 
lowest concentration of total protein, 15 milli- 
grams per 100 cubic centimeters, was found in 
a woman 42 years old who had a neurofibroma 
at the seventh thoracic foramen, which ex- 
tended into the thoracic cavity. 

Contrast myelography. In 16 cases the neu- 
rologic and roentgenologic examinations, anal- 
ysis of the spinal fluid and the Queckenstedt 
maneuver did not yield sufficient information; 
in 15 of these cases contrast myelography was 
utilized. When visualization of the lumbar 


and lower thoracic portions of the spinal canal 
was desired, air myelography was employed. 
When lesions were suspected above this re- 
gion, radiopaque oil was utilized. Differential 
spinal puncture (that is, spinal puncture above 
and below the suspected level of the neoplasm) 
was successfully used in 1 case. 

In the 11 cases in which radiopaque oil was 
employed, the level of the tumor was accurate- 
ly demonstrated. Myelography with oxygen 
or filtered room air, although not as successful, 
had the added advantage in the remaining 4 
cases that when results were inconclusive, 
radiopaque oil could still be substituted and 
roentgenoscopy performed. 


DIFFERENTIAL DIAGNOSIS 


Over the years the preoperative diagnosis of 
dumbbell neoplasm or dumbbell neurofibroma 
has been made infrequently. As Heuer has 
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sug ‘ested probably the most important factor 
in inaking such a diagnosis is the knowledge 
tha’ such tumors occur rather frequently, and 
the : the maintenance of a high index of sus- 
pic on of such a lesion. 

he various lesions which may cause com- 
pr: sion of the spinal cord are well known, and 
ne [not be mentioned. Once the presumptive 
di: ‘nosis of dumbbell tumor has occurred to 
th examiner, he should then try to determine 
w! it type of dumbbell lesion he might en- 
co nter at the time of operation so that he 

’ be better prepared to handle the situa- 


Jumbbell tumors group themselves rather 
veniently according to the site and tissue 
' their origin. First are those dumbbell neo- 
sms which arise from the spinal cord itself 
| (its intimately associated structures. They 
) lude: gliomas, ependymomas, hemangio- 
lotheliomas, and meningiomas. 

\ second and much larger group includes 
le-ions arising from structures in and about 
the spinal column. Most commonly encoun- 
tered of these neoplasms are the neurofibro- 
mas, ganglioneuromas, other more embryonal 
sympathetic tumors, fibromas, lipomas, osteo- 
chondromas, an occasional smooth muscle 
tumor, and chordomas. 

A third and final group which must be con- 
sidered when the diagnosis of dumbbell tumors 
is entertained are the malignant lesions of con- 
nective tissue, blood vessel and lymph, and 
metastatic carcinomas. Tuberculosis may 
simulate a dumbbell neoplasm. Occasionally 
blastomycosis, echinococcosis, or hydatid dis- 
ease occurs in an hourglass lesion. Congenital 
enlargement of an intervertebral foramen, as 
well as vascular anomalies, must also be in- 
cluded in the list of differential lesions which 
may either assume or give the roentgeno- 
graphic appearance of an hourglass tumor. 


SURGICAL CONSIDERATIONS 


The surgical approach to the dumbbell 
neurofibroma affecting the spinal cord varies 
not only with the location of the tumor, but 
also with the type and direction of the hour- 
glass deformity. 

Those tumors with a primary intraspinal 
location, that is, those which extend through 
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the dura or with only slight extension to the 
foramen or paraspinally, may be best handled 
as ordinary spinal cord tumors. One stage 
laminectomy or hemilaminectomy with com- 
plete removal of the tumor and the involved 
nerve is the method of choice. 

Lesions in cervical region. Dumbbell tumors 
of the cervical region present two problems. 
The first problem is the size and location of the 
intraspinal portion of the tumor. Second is the 
size of the tumor in the soft tissues of the neck, 
and its relation to vital blood vessels, nerves, 
brachial plexus, apex of lung, and pleura. 

Some of the cervical neurofibromas which 
present both intraspinally and in the soft tis- 
sues of the neck can be removed successfully 
through a single incision but usually are best 
approached through two separate incisions. 
Although not all surgeons would concur, we 
generally perform the laminectomy first and 
size up the situation prior to the cervical ex- 
cision. It has been our experience that extra- 
dural hemorrhage, ascending edema of nerve 
root and cord with necrosis, and other compli- 
cations that may follow removal of the cervi- 
cal tumor prior to laminectomy and removal 
of the intraspinal portion of the tumor, can be 
avoided by performing the laminectomy first. 
In addition, the planes of cleavage along the 
involved nerve are not disturbed extraspinal- 
ly, and identification of vitalstructures in the 
neck is easier during dissection of the tumor 
stalk and nerve for ligation and excision (Fig. 
IO). 

Occasionally a serious problem is posed by 
the relation of the dumbbell tumor to the 
vertebral artery. Since sacrifice of this artery 
or severe hemorrhage from it may permanent- 
ly handicap the patient, at times the removal 
of a cervical dumbbell neurofibroma taxes the 
ingenuity of the surgeon to the utmost (Fig. 
II). 

Lesions in thoracic region. The operative 
approach to the thoracic hourglass neoplasms 
located intraspinally is essentially similar to 
cervical neoplasms. However, the method of 
dealing with the extraspinal (intrathoracic) 
portion of the tumor differs considerably. 

Many tumors extend only slightly into the 
chest and remain small; others may be huge 
tumors located in the posterior mediastinum 





170 


with only small intraspinal portions. It has 
been the practice of the staff of the Mayo 
Clinic, after a careful evaluation of the condi- 
tion of the patient, to perform the thoracic 
laminectomy before attempting to attack the 
intrathoracic portion. However, a thoracic 
surgeon is always asked to examine the patient 
preoperatively. The patient is then cared for 
by the team: a neurosurgeon and a thoracic 
surgeon, each sharing responsibility. 

At laminectomy, the neurosurgeon, if the 
thoracic extension is small, may be able to 
perform thoracotomy and remove the dumb- 
bell tumor in one stage. Frequently, however, 
the size and position of the intrathoracic por- 
tion, its relation to major structures within 
the chest, and the condition of the patient 
warrant a second operation at a later date 
with an experienced thoracic surgeon ap- 
proaching the remainder of the tumor through 
the thorax (Fig. 12). 

In an occasional case in which an unsuspect- 
ed dumbbelling into the spinal canal is found 
during the removal of an intrathoracic tumor, 
a neurosurgeon is asked to be available during 
the patient’s postoperative course. This is 
done in case it should be necessary to perform 
emergency decompressive laminectomy to 
evacuate hemorrhage or tumor from the spinal 
side before the scheduled date for the second 
stage operation. 

Lesions in lumbar and sacral regions. In the 
lumbar and sacral regions, the surgical ap- 
proach and thought relative to it are similar 
to those at higher levels. Primary laminec- 
tomy is still favored. Tumors with retroperi- 
toneal extension to the abdomen or pelvis, if 
large enough, must be delivered through sepa- 
rate flank or transsacral approaches. They 
are complicated by local regional anatomy. 

One week to 10 days has generally been con- 
sidered long enough between the spinal and 
extraspinal operations. However, once the 
compression of the spinal cord or cauda equina 
has been relieved, there need be no hurry 
to remove the extraspinal portion unless it 
causes discomforting or dangerous symptoms. 

It should be reiterated that failure to recog- 
nize the dumbbell extension of a cervical, 
intrathoracic, abdominal, pelvic or spinal 
tumor, assures a recurrence. 
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RESULTS 

In 48 of the 60 cases the dumbbell neuro- 
fibromas were removed by a single operative 
procedure. Twelve patients required either a 
two stage laminectomy (usually because of 
excessive bleeding) or a combined (cervical, 
transthoracic, abdominal, or pelvic) operation, 

Six deaths occurred (10 per cent mortality), 
3 after combined thoracic procedures, and 3 
after laminectomy. The causes of death were 
postoperative hemorrhage in 1 case, pneu- 
monia in 3, and pulmonary embolism in 2, 
There have been no deaths after operation for 
dumbbell neurofibroma since 1933 at the 
clinic. 

Recurrences were encountered or suspected 
in 3 cases. One patient had 3 recurrences and 
died of unknown cause 13 years after the 
original operation. The second patient died 
after suboccipital craniotomy 6 years after the 
original laminectomy. A pelvic recurrence of 
the dumbbell neurofibroma was suspected but 
not verified. The recurrence of the thoracic 
portion of the dumbbell tumor in the third 
case was proved at operation to be a neuro- 
fibrosarcoma, grade 1. 

Forty-seven out of the original 60 patients 
were followed for an average of 77 months 
after operation. Patients showing marked 
improvement in neurologic function, complete 
relief of pain, or who were able to return to 
fairly normal activity were considered to have 
good results. Patients with only partial or 
little return of function (motor sensory), poor 
sphincter control, incomplete relief of pain or 
who were unable to be adequately rehabili- 
tated were considered to have only fair or poor 
results. 

With adequate follow-up periods, we believe 
that 5 of the patients showed only fair recov- 
ery, 2 had definitely poor results, and the re- 
mainder had good results. Many patients 
make a startling recovery once the tumor is 
recognized and the spinal cord compression 


relieved. 
COMMENT 


Although the dumbbell neurofibroma is men- 
tioned frequently in the literature, no previ- 
ous studies have been devoted exclusively to 
this tumor as it affects the spinal cord and 
adjacent structures. In addition, as far as we 
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know, there has been no larger series of dumb- 
bell! neoplasms of any type presented from one 
clinic. 

\!ter rather close analysis of our 60 cases of 
hourglass neurofibromas, we have concluded 
tha! any lump or mass in the neck which can- 
no! definitely be ascribed to the thyroid gland 
or ocally adjacent structures, even though 
th: patient evidences no neurologic dysfunc- 
ti ., should be suspected of being a dumbbell 
tu: 10r. 

| like manner the patient who is found to 
e a mediastinal or lateral gutter thoracic 
.or which is silent or produces only mini- 
symptoms may benefit immensely from a 
| operative roentgenologic survey of the 
racic portion of the spinal column and 

‘ful neurologic study. 

“or the frank neurologic patient who first 

sents himself with evidence of involvement 

{ ‘he nerve root or compression of the spinal 

d, a thorough roentgenologic examination 

| contiguous structures may reveal a much 

«re complicated problem than the clinical 

dence suggests. 

spinal puncture, manometric studies, and 
contrast myelography have all proved their 
merit in the preoperative study of the patient 
suspected of having an hourglass tumor. Fail- 
ure to employ these methods handicaps the 
diagnostic team. 

We believe direct surgical exploration of 
these dumbbell tumors is justified if there is 
evidence of involvement of the nerve root, 
compression of the spinal cord with a definite 
or suggestive level, and roentgenologic evi- 
dence of foraminal enlargement or erosion. 

The neurosurgeon may be qualified to han- 
dle the majority of these tumors alone. How- 
ever, when the removal may be complicated 
by difficult extraspinal problems, expert opin- 
ion and aid from competent general, thoracic, 
or orthopedic surgeons should be sought. 

The deaths in our series from combined 
thoracic and spinal procedures all occurred 
when extensive intrathoracic operations were 
in their infancy. Deaths after laminectomy 
are less likely to occur with present-day post- 
operative care. 

In the absence of von Recklinghausen’s dis- 
ease the neurofibroma is an extremely benign 
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tumor. Early diagnosis and removal, even if 
there is evidence of fairly marked compression 
of the cord, may frequently result in total re- 
covery. Total removal of such tumors is 
rarely followed by recurrence. 

On the basis of the long follow-up in many 
cases, we have concluded that maximal bene- 
fit from removal of the compression of the 
spinal cord may not be apparent for as long 
as 11% to 3 years after operation. 

In our opinion the most satisfactory method 
of diagnosing this interesting and not infre- 
quently occurring lesion is to think of it and 
to maintain a high index of suspicion for such 
a neoplasm. 

SUMMARY 

Sixty dumbbell neurofibromas which af- 
fected the spinal cord and adjacent paraspinal 
structures have occurred in approximately 
1,000 neoplasms of spinal cord for which op- 
eration has been performed at the Mayo 
Clinic since 1914. The 60 cases have been 
analyzed and the pertinent literature re- 
viewed. 

Characteristically the spinal part of these 
tumors showed symptoms of cord compression 
when occurring in the thoracic portion of the 
spinal cord. At the lumbar and lumbosacral 
levels of the spinal cord the symptoms were 
those of progressive failure of a nerve root, 
while at the cervical level the symptoms often 
were those of a combination of root failure 
and compression of the spinal cord. 

Symptoms arising from the extraspinal por- 
tion of the tumors varied with the level of the 
lesion and the nature of the paraspinal struc- 
tures affected. Dumbbell tumors occurred 
most frequently on the dura mater and 
through the intervertebral foramen. 

Most commonly roentgenologic evidence of 
the dumbbell tumor was demonstrated by an 
enlarged eroded intervertebral foramen, and 
examination of the cerebrospinal fluid fre- 
quently revealed incomplete or complete ob- 
struction of the subarachnoid spinal fluid 
pathways with more than too milligrams of 
protein per 100 cubic centimeters of spinal 
fluid. 

Pathologically all of the tumors were neuro- 
fibromas. Malignant degeneration occurred 
in 1 case, and questionably in a second case. 
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All of the tumors studied were amenable to 
surgery. Most of the dumbbell neurofibromas 
affecting the spinal cord lent themselves to 
one stage removal; others required two stage 
procedures. Removal of some of these tumors 
may require a qualified thoracic, abdominal, 
or pelvic surgeon in addition to the neuro- 
surgeon. 

The average follow-up period after opera- 
tion was 77 months. Dumbbell neurofibromas 
(neurilemmomas) were found to be extremely 
benign and to occur not infrequently. Prog- 
nosis for recovery after complete removal of 
the tumor is excellent. 
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CANCER MORTALITY 


The Failure of Control Through Case-Finding Programs 
(A Summary) 


N. E. McKINNON, M.B., Toronto, Canada 


“y ANCER case-finding programs were 
organized for the purpose of ma- 
‘a terially reducing cancer mortality, 
especially breast cancer mortality, 
ugh early treatment. The programs var- 
sreatly in time and place, in content, in 
lopment, and in results in bringing cases 
.ttention. That variety has provided an 
tentionally controlled experience over the 
25 to 30 years. Any mortality reductions 
to the programs should be reflected in 
iges in trends and differences between 
.ds of cancer mortality, as recorded in vital 
a.istics. As the rates for breast cancer and 
- all cancer, as a whole, are the least affected 
inevitable changes in diagnosis, certifica- 
and bookkeeping, these serve best for 
‘asuring the effect of programs. 


BREAST CANCER MORTALITY 


Lack of any decline and its significance. 
It is disappointing, if not shocking, to find 
that neither in any province of Canada nor 
in Massachusetts nor in England and Wales 
has there been any decline in recorded breast 
cancer mortality. In spite of wide differences 
in programs, identical level trends have been 
maintained. The maintenance of a level in 
age specific rates suggests insusceptibility of 
these rates to paper changes. The uniformity 
of their trends in time and place in spite of 
the differences in programs supports that sug- 
gestion and, too, warrants the tentative con- 
clusion (a) that earlier treatment has failed 
to reduce breast cancer mortality, (b) that, 
therefore, spread of remote metastases occurs 
for the most part before interference is practi- 
cal, (c) that the increment of so-called “early” 
cases with their high rates of cure contained 
a large proportion of lesions of low or no lethal 


From the Department of Epidemiology and Biometrics, School 
of Hygiene, University of Toronto. 


potentiality, and (d) that the type of cancer 
determines the outcome and, in fatal cases, its 
time (9-13). 

These findings and inferences clash with the 
faith in early treatment on which programs 
were based. Thus, examination of the evi- 
dence generally accepted as supporting that 
faith becomes necessary (9, 14, 15, 16). It is 
of three types: (a) lower mortality rates (or 
higher survival rates) for specified periods in 
some series than in others, the difference being 
attributed to earlier (or different) treatment, 
(b) decreasing survivals (or increasing mor- 
talities) in relation to increasing pretreatment 
durations, for varying but limited periods, 
and (c) low mortality (and high survival 
rates, 60 to go per cent) in stage I and in 
axilla-free cases. The validity of this evidence 
must be tested against what is known of the 
nature of breast cancer and of its course in the 
untreated. 

The natural course of the disease and limita- 
tions of diagnosis. In the natural course of 
lethal breast cancer, death is generally due to 
remote metastases and occurs over a wide 
range from a few weeks to many years—1o, 
15, 20, and more—after the first noted ap- 
pearance of the tumor and occasionally before 
the breast lesion is detectable clinically. The 
wide variation in time of death is obviously 
due, for the most part, to differences in the 
propensity for spread and development of 
remote metastases—in other words, to dif- 
ferences in the lethal type of cancer—which, 
in turn, is dependent on either inherent po- 
tentialities of the cancer cell or some attri- 
bute(s) of the host or on a combination of 
these two possible variables. Obviously, the 
magnitude and the sequence of mortalities 
(and thus of survivals) for successive periods 
in any untreated series are determined by the 
proportions of different lethal types, and dif- 
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ferences in mortalities between untreated series 
are due to differences in those proportions. 

Diagnosis of cancer of the breast can be 
made in the typical case practically without 
question but the inclusion or exclusion of 
borderline lesions is subject to difference of 
opinion and to changing habits of practice. 
The diagnosis of lethal type, in the absence of 
manifest remote metastases, always poses a 
problem. Certain features such as degree of 
anaplasia and differentiation, amount of mito- 
sis, and rate of growth are recognized as being 
related, in general, to the degree of lethal 
potentiality but with many exceptions in this 
generality. In the individual case, the mor- 
phological features provide only for an esti- 
mate of probability of lethal potentiality, based 
on past experience; they do not provide for 
any certainty; certainty is obtained only by 
continued observation of the case. Some of 
the limitations of grading and of staging in the 
diagnosis of lethal type, in the absence of 
manifest remote metastases, are revealed by 
the deaths, sometimes early, in grade I and in 
stage I cases and by the survivals in cases of 
other grades or stages—as well as by the wide 
discrepancy between clinical and pathological 
findings of lymph node involvement, dis- 
crepancy, too, between the findings of routine 
pathological and more intensive pathological 
examination, and by the lack of uniformity in 
both time and place in staging and in grading 
criteria and in their application. 

With the diagnosis of borderline lesions thus 
subject to difference of opinion and the diag- 
nosis of lethal type, in the absence of manifest 
remote metastases, providing only a question- 
able estimate of probability, it is impossible 
to ensure strict comparability of proportions 
of different lethal types for any two or more 
series. Increasing the difficulties, the pro- 
gressively greater effort to treat cancer early 
has caused a progressively greater intake of 
borderline lesions, many of low or no lethal 
potentiality, so that successive series have, 
almost inevitably, a progressively greater dif- 
ference in proportions of different lethal types, 
and can have, therefore, unrelated to time or 
type of treatment, wide differences in the 
magnitude and sequence of mortalities and 
survivals (9, 14). 


Fallibility of evidence for faith in superiority 
of early (or different) treatment. In representa- 
tive analyses and reviews purporting to pro- 
vide evidence of the superiority of early (or 
different) treatment through comparison of 
the mortalities (or survivals) of two or more 
series, due allowance for differences in pro- 
portions of different lethal types was not 
found in any nor in any was comparability 
otherwise established. Obviously, conclusions 
drawn from comparison of incomparable series 
or even from questionably comparable series 
cannot be given much credence; hence the 
rejection of the evidence of the first type, that 
based on comparison of different series (9, 15, 
16). 

The evidence of the second type, decreasing 
survivals (and increasing mortalities) in rela- 
tion to increasing pretreatment durations, 
must be similarly rejected as evidence of the 
superiority of early treatment, because de- 
creasing survivals (and increasing mortalities) 
in relation to progressively longer durations 
are found in the untreated in the natural 
course of the disease—determined by the pro- 
portions of different lethal types—and, there- 
fore, when found in the treated, cannot be 
confidently attributed to treatment (16). 

Evidence of the third type, high survivals 
(or low mortalities) in stage I cases, must be 
summarily rejected as evidence of the superi- 
ority of early treatment because stage I cases 
are not early cases but include cases of all dur- 
ations, short and long, with a high but varying 
proportion of lesions of low or no lethal 
potentiality, while chronologically early cases 
include all stages. The interpretation of high 
cure rates in stage I cases as evidence of high 
cure rates in cases of short duration is thus 
patently fallacious. Hence, the rejection of 
this type of evidence (16). 

Direct evidence contrary to faith in early 
treatment. On the other hand, there is much 
direct evidence, in analyses of cases of breast 
cancer, that biological type rather than pre- 
treatment duration determines the outcome 
and its time. That evidence is sometimes 
obscure in the analysis, sometimes obvious but 
not noted by the author(s), sometimes noted 
but inconsistently neglected in the con- 
clusions, sometimes duly noted and empha- 
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size!(6, 17). When allowance is made for the 
natural history of the disease, for different 
leth| types, for the presently insuperable 
lim ‘ations in diagnosis, for unavoidable dif- 
ferc ices thereby in proportions of different 
|i. types in any two or more series, and 
for the lack of correlation of stage and dura- 
t on, even the data commonly advanced and 
» -epted as demonstrating the superiority of 
« cly (or different) treatment can be con- 
‘ently interpreted as indicative of natural 
ection by different types of cancer. The 
ersion from decreasing to increasing pro- 
‘tions surviving with longer pretreatment 
ations, as frequently seen, is regularly 
ributed to difference in lethal types; there is 
alternative explanation. Obviously, that 
or cannot be limited in its operation to 
‘s of longer duration but must operate, 
sistently, in those of shorter durations, as 
« been demonstrated in both the un- 
tr .ted (17) and the treated (6, 7, 17). Further, 
in omerecent analyses, the faith in early treat- 
mit has been more openly challenged and 
th role played by type of tumor, as shown by 
the data, more clearly acknowledged, though 
still with some inconsistencies. Lees and 
Lecs, for instance, expose weakness or fallacy 
in the evidence for high claims of cure and 
clearly place the onus for proof of those claims 
on those who make them. Bloom did not 
find any decrease in survivals with increasing 
pretreatment durations except in the case of 
low grade tumors (grade I) and attributes the 
uniformity of survivals, in spite of increasing 
pretreatment durations, to different types of 
cancer. The exception which he reports for 
low grade tumors could readily be due to the 
indeterminable but inevitable differences in 
cancer types within that group (grade I) and, 
as the figures are relatively small, to chance. 
MacDonald, too, in continued study of cases 
refers specifically to the common failure to 
take cognizance of different types and now 
concludes that “... to no small extent the 
doctrine of synonymy of ‘early’ treatment and 
curability should be recognized for the shib- 
boleth which it is’’(8). 

It is worthy of note in this connection that 
Haagensen and Stout found involvement of 
axillary lymph nodes in no less than 50 per 
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cent of cases of under 1 month’s duration. 
MacDonald found it in 59 per cent of cases of 
1 month or less (8). As demonstrated by 
Saphir and Amromin, more intensive investi- 
gation through serial sections would increase 
these proportions very considerably but even 
this could not reveal the full extent of early 
involvement. To the same end, Park has 
recently reported that “the increase in fre- 
quency in metastasis [lymph nodal] with in- 
creased duration after onset of symptoms is so 
slight as to be hardly significant.’’ These find- 
ings provide direct evidence that most, if not 
all, of regional lymph spread occurs very early 
in the course of the disease before inter- 
ference is practicable. The earliness of such 
lymph spread, demonstrable as it is to some 
degree, is in full conformity with the inference 
that the blood spread of remote metastases 
occurs very early in the vast majority of cases 
and before the primary lesion is detectable. 

Inconsistency of contention of postponing 
death is absence of cure. The contention that 
radical treatment of the primary lesion pro- 
longs life materially in any large proportion of 
breast cancer cases in which it does not cure 
the disease is incompatible with the fact that 
the majority of deaths are due to remote 
metastases, spread, in most instances, before 
treatment, however early, and, in their sub- 
sequent development, not influenced by the 
presence or absence of the primary tumor. 
Moreover, the contention of prolonging life in 
the absence of cure is quite inconsistent with 
the practically universal practice, based on 
factual experience, of withholding radical 
treatment when remote metastases are mani- 
fest and their further development a matter of 
observation rather than speculation (9-15). 

Thus it must be definitely concluded that 
early treatment neither prevents nor materially 
postpones death from breast cancer in any 
large proportion of cases. It provides mental 
and physical relief in cases of lethal breast 
cancer and cure in cases of nonlethal breast 
cancer—the one indistinguishable morpho- 
logically from the other. 


ALL CANCER MORTALITY 


The records of mortality of all cancer (fe- 
male) show no decline in any age group in any 
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province in Canada. They show the main- 
tenance of level trends regardless of the 
presence or absence of case-finding or control 
programs or of any shift to or increase in early 
or in stage I cases. As in breast cancer, the 
maintenance of a level in these rates is some 
evidence of their relative insusceptibility to 
paper changes. Though necessarily with more 
reservations than in the case of breast cancer 
and without any sweeping implications re- 
garding cancer of any specific site, the uni- 
formity of level trends in all cancer mortality 
in spite of vast differences in control programs 
can be interpreted with some confidence as 
substantial evidence of the invulnerability of 
this mortality to present-day control methods 
including earlier treatment. The records of 
England and Wales and of Massachusetts 
show very slight declines in all cancer (female) 
mortality; but these declines, in their lack of 
any apparent acceleration over the years, in 
their inconsistency in different age groups and 
irregularity in time and character of onset and 
course, do not suggest any relationship to 
control programs but are compatible with the 
influence of artificial factors. Moreover, in 


spite of the slight declines, the recorded rates 


today are not lower than those in Canada. 
Thus, the difference between the trends in 
Canada and those in England and Wales and 
in Massachusetts would seem to be more 
apparent than real. So, too, though a change 
that has occurred in the ratio of the male to 
the female rates might suggest greater im- 
provement in female cancer than in the male 
in consequence of her greater response to case- 
finding efforts and the much greater accessi- 
bility of female cancer enhancing the results of 
those efforts, closer examination of the data 
does not support that suggestion, as great a 
change in ratio having occurred in age groups 
in which both the accessibility of female can- 
cer and her response in clinic attendance were 
the least in excess of the male. A more cred- 
ible explanation of the change is that it is due 
to a paper increase in the male rates on 
account of the greater opportunity for im- 
provement in diagnosis in his much larger 
proportion of inaccessible cancer, and possibly, 
too, to a true increase in pulmonary cancer, in 
which the recorded increase in the male is 
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much greater than in the female and, in the 
different age groups, accounts for one quarter 
to one half or more of the total recorded in- 
crease in male all cancer mortality. Thus the 
recorded experience of total cancer mortility 
provides no encouragement that control of any 
major cancer has been achieved (10). 

What has been said in regard to breast 
cancer—of different biological types, of the 
inadequacies of diagnostic criteria to dif- 
ferentiate between malignancy and_non- 
malignancy in borderline cases and between 
different potentialities for remote metastases 
even in typical lesions, and of fallibility in the 
evidence for faith in early treatment—is appli- 
cable with but little qualification to other 
metastasizing cancers for which high claims 
of cure have been made. For instance, for 
cancer of the uterine cervix the reports of high 
cure rates in stage I cases are frequently 
quoted as evidence of superiority of early 
treatment. The lack of correlation of stage 
and duration and the fallacy of interpreting 
cures in stage I cases as evidence of cures in 
early cases are demonstrated by the data of 
the Ontario Cancer Centers, 1949, as follows: 
Cases classified as stage I had a mean alleged 
duration of 8.6 months, stage IT, 8.7 months, 
stage III, 7.9 months, and stage IV, 11.1 
months; 64 per cent of cases classified as stage 
I and similarly 64 per cent of stage II, and 
67 per cent of stage III were of 3 months’ or 
longer duration; 26 per cent of stage IV were 
of less than 3 months’ duration and 16 per 
cent of stage I were of over 2 years’ duration; 
of 97 cases under 3 months’ duration 27 per 
cent were classified stage I, 34 per cent stage 
II, 30 per cent stage III, and 9g per cent stage 
IV(21). (Stage is more an indication of type 
than of time but, even in this respect, as 
noted, has serious limitations.) 

Thus the evidence shows that no material 
reduction in all cancer mortality has been 
achieved through earlier (or different) treat- 
ment in the past 20 to 30 years and that the 
failure is due to inability to reduce deaths from 
the cancers which kill primarily or finally 
through remote metastases; these cancers con- 
tribute the vast majority of cancer deaths. 
The failure of early treatment to reduce 
deaths due to remote metastases indicates that 
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spread of remote metastases occurs very early 
in the course of the disease before the primary 
lesion is detectable by any means available 
today or in immediate prospect and thus be- 
fore interference with that spread is pos- 
sible (9,10). 

In those cancers which usually kill by local 
extension before their remote metastases cause 
trouble, such as many from the uterus (corpus 
and cervix), colon, rectum, and some other 
sites!, treatment of the primary lesion can, by 
eliminating or postponing the hazard of death 
from local extension, definitely prolong life 
until the development of remote metastases, 
previously spread, or local recurrence or some 
other factor, well known to the clinician and 
pathologist, brings a fatal termination. In 
strictly nonmetastasizing cancer, indistin- 
guishable morphologically from metastasizing 
cancer, such as most skin ‘“‘cancer’” and some 
from other sites, treatment can undoubtedly 
effect cure. But for neither of these types of 
cancer in which treatment provides more than 
mental and physical relief is there any sound 
evidence today or any solid basis for assuming 
that treatment in a very early or “‘preclinical”’ 
state has any appreciable advantage over 
treatment administered within a reasonable 
time after the appearance of a clinically 
definite lesion. 

Further, in any attempt to reach such can- 
cers in a very early stage, there is, on account 
of presently insuperable diagnostic limitations, 
the very real possibility of subjecting to treat- 
ment and mutilation patients who have nei- 
ther any malignant nor other pathological con- 
dition(14) ; the attempt carries withit, too, and 
for the same reason, the possibility of creat- 
ing, on the one hand, unwarranted fear and, 
on the other, unwarranted hope, a false sense 
of security and an erroneous impression of 
present capacity to cure. Its potentiality for 
much harm must be weighed against the 
possibility for limited good. Moreover, the 
fact is that nonmetastasizing cancer contrib- 
utes only a very small part of total cancer 
mortality. 

1As most data regarding remote metastases of these cancers 
have been based on the findings when death was largely due to 
local extension, there is no reliable basis as yet for an estimation 


of the proportion to show remote metastases when death has 
been postponed. 
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SUMMARY AND CONCLUSIONS 


Cancer case-finding programs were or- 
ganized for the purpose of materially reducing 
cancer mortality. Wide variety in those pro- 
grams has provided an unintentionally con- 
trolled experience over the past 20 to 30 years. 

The age specific rates of breast cancer mor- 
tality do not show any decline or any change 
in their trends or any difference between 
trends but have consistently maintained fair 
levels regardless of the presence or absence of 
case-finding programs or their varying effec- 
tiveness in bringing cases to attention. This 
experience, as it has been recorded in vital 
statistics, clashes with the faith in early treat- 
ment upon which control programs were 
based. 

Examination of representative evidence 
generally advanced and accepted as support- 
ing that faith fails to show any in which due 
allowance was made for the natural history 
of the disease, for different lethal types and 
for present inability to differentiate between 
those types. Further, as staging is more a 
classification of type than of time and stage I 
includes cases of short and long duration, 
results in stage I cases are not evidence of 
results of early treatment. Thus, none of the 
evidence which purports to show that early 
(or different) treatment prevents death (or 
prolongs life) in breast cancer is sound evi- 
dence. 

On the other hand, direct evidence from 
analysis of cases indicates that type of breast 
cancer rather than time or type of treatment 
determines the outcome and, in fatal cases, its 
time. Even the data advanced as supporting 
the faith in early (or different) treatment can 
be consistently interpreted as indicating 
natural selection by different types of cancer. 
Other factual data confirm that interpretation. 

These findings in regard to breast cancer— 
the failure of early treatment to reduce re- 
corded mortality, the fallibility of the evi- 
dence for faith in early (or different) treat- 
ment, the dependence of the outcome on the 
type of cancer rather than on time or type of 
treatment, the present inability to differenti- 
ate between different lethal types and the lack 
of correlation between stage and duration— 
are applicable in general to other metastasiz- 
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ing cancers. In those that, untreated, usually 
cause death by local extension before remote 
metastases become manifest, treatment can 
prolong life; in nonmetastasizing cancer (in- 
distinguishable morphologically from metasta- 
sizing cancer) treatment can cure. But in 
both these forms of cancer in which treatment 
provides more than mental and physical re- 
lief, treatment within a reasonable time after 
the first indications of a lesion gives practically 
the same results as earlier treatment. Any 
attempt to reach these cancers in a very early 
or preclinical state carries with it, on account 
of presently insuperable limitations in diag- 
nosis, a potentiality for much harm and but 
little good; moreover, nonmetastasizing can- 
cer contributes only a very small part of 
cancer mortality. 

For the vast majority of cancer deaths, the 
evidence shows that the high hopes of control 
have not been realized nor the high claims of 
propaganda substantiated. The failure of 
early treatment to reduce mortality shows 
that spread of remote metastases occurs be- 
fore interference is possible. 

It must be concluded, on consistent evi- 
dence, that case-finding and control programs 
have not accomplished and cannot, today, 
accomplish the purpose for which they were 
established, that they do not represent a 
sound investment from the point of view of 
return for the money involved—or, it might 
be added, public trust, interest, or co-opera- 
tion (3)—and that they do not spell progress 
for public health. If they are to be continued, 
they should be changed to agencies for the 
study of cancer in the field, as emphasized by 
Clemmesen, and for providing care, as empha- 
sized by Robinson, rather than promising 
cure. 


. MacDona.p, IAN. 
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TREATMENT OF URINARY STRESS INCONTINENCE 


With Results in 117 Patients Treated by 
Active Exercise of Pubococcygei 


EDWARD GOMER JONES, M.D., F.A.C.S., and ARNOLD H. KEGEL, M.D., F.A.C.S., 
Los Angeles, California 


HE multiplicity of surgical proce- 

dures for the cure of stress inconti- 

nence in women stems largely from 

the fact that surgery performed by 
even the most skillful operators is attendant 
with unsatisfactory results in 20 per cent of 
patients. The various operations are designed 
to correct different defects, each supposed to 
be a major factor in the development of in- 
continence. The physiological feat of exercis- 
ing the pubococcygeus muscle to overcome in- 
continence was first described by Kegel (4) in 
1948. He employed a purely physiologic mech- 
anism to improve the tone of the urethra by 
increasing the strength and content of the 
periurethral fibers. This adds an entirely new 
method of improving urinary control which 
may be used to complement surgery, or used 
entirely independent of surgery. 

The logic of exercise to increase tone and 
volume of muscle and connective tissue was 
long ago established in physiological studies, 
and applied in physical medicine. In previous 
studies from this clinic, motion of the urethra 
and bladder by contraction of the pubococ- 
cygeus muscle was demonstrated by cysto- 
grams and urethrograms (3). There are addi- 
tional clinical findings of urethral tension and 
movement which demonstrate the connection 
between the pubococcygeus and urethra (5, 6). 
In order to clarify our approach to the prob- 
lem of incontinence for all types of patients, 
we shall compare the methods we have used 
with those reported from purely surgical stud- 
ies. Our criticism of former standards is based 
on statistical data and findings presented in 
the following. 

The four factors which we consider impor- 
tant in continence are: (1) the intrinsic mus- 


_ From the Department of Obstetrics and Gynecology, Univer- 
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cles of the upper one-half of the urethra and 
bladder neck, including some voluntary fibers; 
(2) intact nerve supply to the urethra and 
bladder; (3) functioning pubococcygeus mus- 
cles with visceral extentions; (4) intact central 
nervous system pathways from peripheral 
nerves. In addition, the patient must have a 
willingness and desire to be improved. The 
management of all patients with stress incon- 
tinence should include an evaluation of all of 
these factors. In this thesis we shall attempt 
to show the logic of the treatment we have 
used with good result. 


SELECTION OF CASES 


Standard surgical series. In studies report- 
ing results from surgical procedures, those pa- 
tients who have been found unfit for surgery 
are omitted from statistical summaries. This 
makes the surgically treated group only a se- 
lected group of the total incontinence popula- 
tion. In the unselected group are patients 
with general debilitating disease, psychomotor 
disturbances, or those with lack of physical 
findings which could conceivably be corrected 
by surgery. 

Exercise study clinic. Patients presented in 
this study, as in surgical studies, exclude those 
with intrinsic urinary tract conditions. There 
were 19 patients who failed to return after the 
first visit. All other patients who were seen, 
regardless of their degree of debility, are re- 
ported in our results. In summarizing the re- 
sults we have made a subgroup of patients 
followed over 2 months, as we have found 
(Table IV) that 40 per cent of patients do not 
begin to improve before this. This result, of 
patients adequately followed, is found in Ta- 
ble I. Because the exercise clinic was estab- 
lished to study a nonsurgical concept, few 
patients physically suitable for a primary at- 
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TABLE I.—RESULTS IN PATIENTS FOLLOWED AT 
LEAST 2 MONTHS (UNLESS EXCELLENT RE- 
SULTS OBTAINED EARLIER) 

Total No. cases represented 


Poor result....13 (13%) 
Good result. . .81 (84%) 





Poor result 





Factor* 


Per 
* | cent 





Previous anterior repair 9 





Severe incontinence 21 





Incontinence ro years 29 





Over 70 years of age 





Grand multipara 
(6 pregnancies or more) 


Nulliparas 








History of recurrent cystitis 





Extreme obesity 





Previous dilatation or cysto- 
scopic examinations with- 
out relief or cure 14 





Cystocele (large in 16) 4 12 I 





Urethra low or bulging 
(urethrocele) I 7 ° 13 


*Arranged according to factors which might influence outcome. 


























tempt at cure by surgery were referred to this 
clinic. Therefore, our clinic represents almost 


entirely patients who had failed to be relieved 
by surgery or whose general health made them 
unfit for surgery. In the section “Patients 
Previously Operated Upon” we shall compare 
our results in the group of patients who have 
had a previous surgical operation for inconti- 
nence with the results from other clinics where 
surgical failure has been treated by a second 
operation. 


REVIEW OF SURGICAL INDICATIONS FOR 
CORRECTION OF INCONTINENCE 


Previous surgical reports. Operative correc- 
tion of incontinence has been based on the 
concept that the majority of patients with 
stress incontinence have developed an injury 
to the supporting fascia planes or tissues of 
the anterior vagina. The damage, which is to 
be corrected, has resulted in one of several 
conditions, namely: (1) unusual angulation of 
urethra, so that the bladder is said to encroach 
on the urethra; (2) lack of support about the 
urethra so that it hangs free from the pubic 
bone; (3) lack of support to the urethra, espe- 
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cially from the planes continuing under the 
bladder, attaching to the cervix, which are 
believed to stretch or lengthen the urethra; 
(4) injuries or scars about the urethra from 
childbirth, or previous surgery, which are 
thought to cause an irregular closure of the 
urethral orifice. 

Criticism of the indications. The fact that 
surgical correction directed at one or all of 
these conditions still results in 20 per cent fail- 
ure, in series reported from large well super- 
vised clinics, is an indication that the concept 
of displaced fascia or connective tissue as the 
sole cause o: incontinence is inadequate. In 
our series (Table I) there were 14 patients who 
were considered to have a very lax, movable, 
bulging urethra. With exercise alone, 13 (93 
per cent) achieved a good result. We believe 
that all of these women would be considered 
by most gynecologists as having findings con- 
sistent with urethrocele. The good results in 
this group prove the inaccuracy of the com- 
monly used term “‘urethrocele,” which should 
be limited to urethroscopic evidence of hernia- 
tion. It demonstrates that the position of the 
urethra was not the chief cause of incontinence 
in the majority of this group of patients. 
There were 34 (35 per cent) (Table I) with 
cystocele, or more correctly, ptosis of the blad- 
der; 16 of the cystoceles protruded from the 
introitus, so were considered large. However, 
good control of incontinence without surgery 
was achieved in 29 (85 per cent). This shows 
that, in these women, bladder descent was not 
the chief cause of incontinence in the majority 
of patients. From the finding that inconti- 
nence is sometimes increased when a large 
cystocele is corrected surgically, we have ad- 
ditional proof that the lack of support of 
the bladder may not be a major factor in the 
development of incontinence. Eleven (9 per 
cent) (Table IT) of our patients attributed the 
onset of stress incontinence to surgical repair 
of the anterior vagina, and of those who had 
had previous anterior vaginal surgery with 
bladder advancement 13 (35 per cent) (Ta- 
ble III) stated that they were made worse by 
their surgery. Twelve of our patients were 
considered by us to have dense vaginal scars 
which might contribute to incontinence. Scars 
were divided before exercise in 1 instance, 
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after a trial of exercise in another patient, and 
1 patient was given aureomycin to soften scars 
related to lymphogranuloma, with reconstruc- 
tion of urethra following this. The remaining 
patients had no specific treatment for the 
scars, nevertheless a good result was attained 
in 9 of the 12 (75 per cent). Of the 3 failures 
1 was seen in the urology clinic at a later date 
and was reported continent. One patient was 
blind and unable to learn exercise. One pa- 
tient remains on exercise but has shown only 
slight improvement. This limited series indi- 
cates that, by examination alone, we were un- 
able to predict whether a scarring under ure- 
thra or bladder would prove to be an impor- 
tant cause for incontinence, as the majority 
achieved a good result by exercise alone. A 
different type of evidence, that the position of 
the urethra or bladder may not be the major 
cause of incontinence, has been our inability 
to predict with good accuracy from examina- 
tion alone (provided the bladder is empty) 
which woman suffers from incontinence and 
which does not. We believe this to be a com- 
mon experience among gynecological surgeons. 

The chief cause of the onset of incontinence 
in our patients is listed in Table II. The rela- 
tionship to atrophy and trauma is obvious. 
However, this relationship does not tell us the 
exact location or types of tissue changes which 
produce the incontinence. A number of our 
patients also admitted bladder weakness from 
childhood; this has been observed previously 
by one of us (A.K.). We have not summarized 
this group because standards of normal child- 
hood behavior are lacking. 

Revised criteria for surgery. Although ure- 
thral relaxation often occurs in combination 
with bladder and uterine descent, we believe 
the latter conditions should be dissociated 
from the problem of incontinence in deciding 
when surgery should be performed. As long 
as surgeons consider cystocele or uterine de- 
scent as major contributing factors in inconti- 
nence, the conscientious surgeon makes an 
effort to detect any vaginal relaxation which 
could possibly be corrected by surgery if the 
patient’s primary complaint is urinary. First 
we should consider that urethral relaxation 
can be corrected by exercise alone. Then we 
should attempt to evaluate the degree of pto- 
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TABLE II.—CHIEF CAUSE OF THE ONSET OF 
INCONTINENCE 








No. of 


) Percentage 
patients 


of 117 

Age 36) 
| 63 

Childbirth 27 } 


Anterior repair 9) 














——} 21 
Other operations 12 } 








Chronic invalidism 5 
Injury (kick, fall) | 3 











Unknown | 7 





sis of the anterior vagina as the primary indi- 
cation for surgery. As previously shown in 
x-ray studies, many women can cause consid- 
erable descent of the vaginal wall on straining, 
but during average stress it remains in good 
position and with contraction of the pubococ- 
cygeus it becomes elevated (3). In attempting 
to establish an estimate of cystocele, which 
could be agreed upon by any examiner, we 
have relied on examination in the standing po- 
sition to disclose the angle of the bladder or 
anterior vaginal wall to the lower border of 
the pubis or introitus when the patient is not 
straining. This, we believe, will give evidence 
of bladder descent that can be estimated more 
accurately than when the estimation is made 
from examination in the lithotomy position. 
As shown in Chart 1, an ascending bladder 
level is considered to indicate a normal blad- 
der position. A bladder level tangential (hori- 
zontal) to the introitus is definite relaxation, 
and a level below or descending from the in- 
troitus is extreme descent. We believe the 
findings of different examiners will be in closer 


TABLE III 


A. Result of Previous Anterior Repair in 37 Patients Re- 


ferred to Exercise Clinic 
No. of Percentage 
patients of 37 
Improved 5 14 
Temporarily improved 21 
Unimproved 30 
35 


. Duration of Temporary Improvement by Surgery in 


8 Patients 
BWOOMGs coc ccctsc ck 


I 
3 (1 had sling operation) 
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Bladder level 
above Introitus 


7 a A GEA ~ Bladder level 
requires surgery at Introitus 
-for-cérrection 





Bladder level 
below Introitus 


Chart 1. Palpation for ptosis of anterior vaginal wall 
(cystocele) in standing position. Ptosis below introitus re- 
quires surgery for correction. 


agreement by this method of estimation than 
by the usual classification based on ability to 
expose the anterior vagina. Combining the 
exercise principle with these findings, we be- 
lieve the following division will separate the 
cases of patients definitely requiring surgery 
from the dysfunctional cases. 

1. If there is no indication for correction of 
cystocele or uterine descent, exercise alone will 
cure most incontinent patients. Surgical cor- 
rection should be considered only after pro- 
longed treatment by active exercise has failed 
to establish continence. The success of exer- 
cise therapy with nulliparous women empha- 
sized the value of this plan. Of 12 nulliparous 
patients seen, 11 (92 per cent) were cured by 
exercise alone (Table I). 

We believe the ideal course to follow for the 
woman who is to have surgery is to precede 
this by exercise, and resume exercise of the 
pubococcygeus as soon as possible after sur- 
gery. The scheme indicated in 1 and 2 is what 
we consider the minimal exercise permissible 
to insure adequate results in the surgically 
treated group. 

2. Incontinence with cystocele (vaginal de- 
scent below the introitus or lower pubis with- 
out straining). (a) If the patient can contract 
the pubococcygeus well, surgery (including 
plication of urethra) is indicated, followed by 
exercise in the immediate postoperative phase. 
(b) If the patient cannot contract the pubo- 
coccygeus well, we believe she is a potential 
surgical failure and should be considered non- 
surgical until she can learn contraction of pu- 
bococcygeus sufficient to sense the contraction 
herself. We believe this ability is important 


in the postoperative healing phase to prevent 
excessive scarring and to insure a good func- 
tional result before the patient leaves the 
hospital. 

3. If there is absolute incontinence, no fill- 
ing of the bladder, and continuous wetting at 
night, special investigation for extreme nerve 
or muscle injury of the urethra must be car- 
ried out before extensive exercise or surgery is 
considered. 


INTERPRETATION OF RESULTS 


Previous surgical reports. In the determina- 
tion of success or cure for statistical analysis, 
the measurement is often partially subjective, 
for the general satisfaction and relative im- 
provement experienced by the patient colors 
her estimation of perfection. For example, if 
a patient offers no complaints after surgery, 
an admission of slight incontinence or drib- 
bling is not invited or suggested by the surgeon. 
(1) Cured or good result from surgery often 
may be the patient’s testimonial of decidedly 
improved control. (2) Improved may be that 
state achieved when a patient is willing to ad- 
mit some success, though perhaps not entirely 
happy with the result. (3) Unimproved or fail- 
ure is a more certain entity which the patient 
recognizes as distinct wetness and the surgeon 
as clear surgical failure. 

Again, the percentage of success may be 
only a reflection of how long or how carefully 
the patients have been followed. Most sur- 
gical series cover a 6 month follow-up period. 
However, the result from surgery noted in the 
first month or two may remain the final result 
even though changes may occur after this 
time. It may be difficult for the patient with 
minor disturbances to convince the surgeon 
that the result is less than perfect, when, on 
careful examination, he determines that the 
anatomic result remains excellent. 

The arbitrary time of a 6 month follow-up 
period also has been the interval allowed for 
surgical failures to begin to improve. This 
time interval is set, however, to afford suffi- 
cent healing before a new attempt at repair. 
Improvement rarely begins in the late healing 
phase by waiting for it. 

Criticism of the standards for estimating end 
results. The postoperative record of patients 
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in our clinic who had previous surgery (Ta- 
ble III) reveals that 5 (14 per cent) were im- 
proved but not cured by the surgery and 8 
(21 per cent) were only temporarily improved. 
Of the latter group, 4 (11 per cent) were im- 
proved for 8 months or longer, so they defi- 
nitely would have been called “good result” or 
cured by surgery, if the usual 6 months follow- 
up interval were used. One of these patients 
had had a sling type operation with good re- 
sult for 2 years. The changing result from 
surgery in these patients demonstrates that a 
6 month follow-up period is not sufficient for 
a final opinion of permanent success or failure, 
as the process of atrophy may progress over 
the years. By employing exercise after sur- 
gery we have found that it is unnecessary to 
wait 6 months (Table IV) to be convinced of 
failure unless the patient is unable or unwilling 
to exercise. In most instances improvement 
from exercise begins promptly and is complete 
within 2 to 3 months. If there has been tem- 
porary or partial improvement by surgery the 
result after exercise uniformly will be good. 

The results shown in Table I reveal 27 (82 
per cent) of the patients previously operated 
upon who adequately followed treatment ob- 
tained a good result by exercise alone. Also, 
7 of our clinic patients were referred for sur- 
gery because of the need for anterior repair 
before they became continent through exer- 
cise. After surgery, 3 remained incontinent 
but were cured by further exercise. One el- 
derly woman with multiple surgery and poor 
contraction ability has remained in the “cure- 
telapse”’ group. 

Interpretation of results by exercise alone. 
The same subjective interpretations of suc- 
cess color the results obtained with exercise 
as with surgery. The woman who has been 
continually wet does not consider slight drib- 
bling once a week of any consequence. One 
who has achieved better control than she has 
had for 10 or 20 years may thereafter be con- 
tent with less diligence than would be neces- 
sary to attain perfection. The objective inter- 
pretation of success we used was based on the 
direct questions: “(Have you improved at all?” 
Then, if answered in the affirmative, ““Do you 
stay dry?” We believe this attempt to deter- 
mine whether there is a perfect result gives us 
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TABLE IV.—EXERCISE PERIOD REQUIRED FOR 
CONTROL OF INCONTINENCE IN 81 PATIENTS 
WHO OBTAINED A GOOD RESULT 


No. of 


: Percentage 
Patients 


of 81 
18 
36 
35 

5 


Period, months 


Interval not recorded in 5 patients (6 per cent) 


a more accurate standard of success. Once im- 
provement begins by exercise, the change from 
slight improvement to complete or nearly 
complete continence usually occurs within 1 
month. This accounts for some of the diffi- 
culty we have found in classifying the result 
patients have attained. We divide results into 
cured, greatly improved, slightly improved, or 
not improved (Table V). For the statistics 
reported the good result group includes the 
cured, or greatly improved patients. 

The poor result group includes the slightly 
improved or unimproved patients. Undoubt- 
edly there are some patients in our study who 
have achieved only a mediocre result. Many 
of these have easily attained a good result but 
discontinued exercise; then gradually relapsed 
and became satisfied with only moderate con- 
trol. Their ability to stay dry involves more 
effort than the satisfaction gained. Also, we 
anticipate that a few of the patients with good 
result will stop exercise and relapse completely. 
On the other hand, some of those who have 
had slight improvement will continue exercise 
and become dry. We believe the classification 
chosen gives a good representation of our 
overall results, or results which would remain 
approximately correct for years if the patients 
continued their exercise schedule (Table X). 


TABLE V.—SUMMARY OF EFFECT OF EXERCISE 
ON STRESS INCONTINENCE IN I17 PATIENTS 








No. of 


> Percentage 
Patients 


of 117 


No. of | Percent- 


Result of treatment patients lageof 117 





Cured 
Greatly improved 


43) Good 
aa | result 


Cured = recurrence 6 





81 69 








Slightly improved 14) — 


ae result 

















. 29 25 
Unimproved 13 


19 additional patients failed to return after the rst visit, so have been 
excluded from the series. 
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In general, a good physiological result will be 
maintained only if the habit of exercise is con- 
tinued, once the patient becomes dry. Once 
established, the habit is easily maintained. 

Some patients have needed the visual aid 
of the perineometer to achieve a good result 
from exercise; others have achieved a good re- 
sult without visual aid; many have used the 
instrument only part of the time. The tech- 
nique of exercise and use of the perineometer 
has been published in previous articles (1, 5, 
6). When our clinic was first established all 
patients were started on the perineometer. 
After several months we established by trial 
and error a division of patients into those who 
did not need an instrument for improvement 
to a good result, and those who needed an in- 
strument initially or during the entire course 
of therapy. The level of division is that of the 
patient’s “conscious awareness of ability to 
tense or contract the pubococcygeus muscles 
in the middle third of the vagina. When 
measured on the perineometer this degree of 
contraction usually measures 10 millimeters or 
greater. Table VII demonstrates that 66 (81 
percent) of those attaining a good result 
learned to contract through 10 millimeters or 
more. As previously stated and shown in Ta- 
ble IV, the majority of patients attained a 
good result within 2 or 3 months. However, 
of the 15 patients who attained a good result 
without reaching the level of 10 millimeters, 
the majority required a longer time to achieve 
this result. Twelve of the 15 (80 per cent) 
could only improve to a good result by using 
the instrument for visual aid throughout the 
entire exercise period. Of the 117 patients, 78 
(67 per cent) used visual aid part or all of the 
time; 39 (33 per cent) used the perineometer 
only during instruction periods or not at all. 
This division of patients by ability to feel the 
contraction has been equally satisfactory for 
all age groups. Exercise schedules have been 
reported in previous articles (2, 5). 

Prediction of incontinence control. We have 
tried to estimate the result which exercise 
would produce for each individual. This esti- 
mation is made at the time of her first exam- 
ination. Some of the major considerations in 
predicting a good result or poor result are 
shown as follows: 
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PREDICTION OF EFFECT OF EXERCISE 


Factors indicating probable good result: 
History 
1. Onset of incontinence, gradual or recurrent for many 
years 
2. Incontinence improved by surgery at one time 
3. Partial control 
Examination 
. Ability to listen to instruction 
. Ability to follow written instructions 
. Ability to feel the contraction of the muscles 
. Willingness to believe she can be helped 
. Desire to improve her condition 
. Willingness to exercise for several months 
. Ability to learn to contract well enough to move the 
dial 4 millimeters or more 
11. To — pubococcygeus muscles as well as contract 
them 
Factors indicating probable poor result: 
History 
1. Severe neurologic disorder 
2. Incontinence made worse by surgery on urethra and 
never temporarily improved by this surgery 
3. Continuously wet at night 
4. Stays wet and never holds enough to have any blad- 
der filling 
5. Tactile sensation of urethra and vulva lacking 
Examination 
6. Inability to listen to instructions 
7. No real desire to improve continence 
8. Unwillingness to believe she can improve 
g. Dislike of exercise 
10. Unwillingness to use perineometer while contractions 
remain too weak to be felt 
1t. Pubococcygeus muscles spastic 


It is absolutely necessary to eliminate intra- 
urinary tract pathologic processes and pelvic 
tumors before considering results from active 
exercise. A negative urine, no burning or pain 
on urination, lack of difficulty in starting uri- 
nation, and no urgency immediately after 
urination are usually sufficient to exclude the 
urinary tract as responsible for incontinence. 
The absence of palpable pelvic tumors is suf- 
ficient to eliminate extrinsic pressure factors. 
Most of the patients with incontinence also 
had nocturia. Severe nocturia improved with 
urinary control unless it was of extreme order. 
Special neurologic and urinary tract study is 
important in this later group. If a patient’s 
history and examination correspond to the 
favorable factors presented, the result by ex- 
ercise is practically certain. On the other 
hand, an unfavorable attitude toward exer- 
cise or inability to follow instructions must be 
changed before any hope of success from exer- 
cise can be expected. These factors have 
proved to be valid criteria for predicting re- 
sults at the time of the first examination. When 
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failure persists in one of the expected good 
result group, the doctor must review the pa- 
tient’s exercise pattern for failure can usually 
be overcome by a careful reinstruction of the 
patient. 

General results of patients treated. There 
were 136 patients seen in the incontinence 
clinic. Nineteen patients failed to return. 
Five of these were referred to other clinics. 
Of the remainder all except 3 were expected 
to have a good result as determined by their 
ability to contract the pubococcygeus. The 
3 patients of doubtful outcome were repre- 
sented by a hemiplegic woman who could not 
produce any contractions, 1 woman who could 
achieve slight contraction but was not given 
a perineometer, and 1 woman having severe 
incontinence after several plication operations. 
She was again operated upon elsewhere within 
2 weeks after she received instructions in our 
clinic. Of those who returned (Table V), 81 
(69 per cent) obtained a good result; 7 (6 per 
cent) attained a good result but this was fol- 
lowed by one or several relapses; 29 (25 per 
cent) had a poor result. However, of those re- 
ported with a poor result only 13 of the 29 
were followed for more than 2 months. This 
latter failure group constituted 13 per cent of 
the 101 patients. The 29 failures will be dis- 
cussed as a Separate group. 

Those patients attaining a good result re- 
quired various lengths of time to become dry 
(Table IV). Fifteen (18 per cent) showed 
dramatic improvement in 1 month. An addi- 
tional 29 (36 per cent) were improved by 2 
months. Twenty-eight (35 per cent) more 
were improved by the end of 6 months, so that 
72 (89 per cent) achieved a good result by the 
end of 6 months. Four (5 per cent) had a 
good result after 6 months. In 5 instances (6 
per cent) the exact interval when a good result 
began was not recorded. Only 15 (19 per cent) 
of those having a good result failed to attain 
a contraction of 10 millimeters, or over. Eight 
(58 per cent) of this group required 4 to 8 
months to improve. The perineometer was 
used by all of this group except 1, and her con- 
tractions were great enough so that she could 
sense muscular contracture, despite the low 
reading of the dial. In contrast to this 
group, only 3 patients with the ability to con- 
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TABLE VI.—DISTRIBUTION OF PATIENTS BY AGE 


Age, years 
Less than 40 


tract over 15 millimeters failed to show great 
improvement on exercise. One had intrinsic 
urethral resistance equivalent to 5 milli- 
meters of water (normal 35 mm.) because of 
previous surgery. The others were compli- 
cated by muscle spasticity with clonic con- 
tractions and severe cough. It is felt that the 
latter 2 may eventually achieve success. The 
distribution of ages of patients (Table VI) 
demonstrates that there was about an equal 
number in each 20 year period after 4o. 

The duration of symptoms had no great 
bearing on the final result (Table VIII). Like- 
wise, the result from exercise was good regard- 
less of the degree of incontinence (Table IX) 
except in the patients with total incontinence 
and no voiding intervals. The effect of exer- 
cise on nocturia was not observed throughout 
the entire study, so our records were somewhat 
incomplete for the entire group. However, of 
79 patients known to have nocturia, 59 (75 
per cent) decreased or eliminated the nocturia 
by exercise alone. 

Patients previously operated upon. Of the 37 
patients who had had previous anterior repair, 
13 had been operated upon within the last 6 
months. For 2 of these, this represented a 
second surgical attempt at correction of incon- 
tinence. Another patient whose urethra had 
been destroyed by lymphogranuloma failed to 
improve on exercise. The reconstruction of 
urethra, similar to that employed in the War- 
ren method of reconstruction for rectal incon- 
tinence, produced success for 2 weeks. Failure 
occurred concomitant with the development 
of a rectal abscess. However, with renewed 
levator exercise she again achieved fairly good 
control. Previous surgical repair in these cases 
included the following types of urethral re- 


TABLE VII.—AMOUNT OF CONTRACTION AT- 
TAINED IN 81 PATIENTS WITH GOOD RESULT 


No. of Percentage 
patients of 81 
Less than 10 19 
10 or over 81 


Contraction 
mm. 
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TABLE VIII.—EFFECT OF DURATION OF INCON- 
TINENCE ON RESULT OBTAINED WITH EXER- 
CISE 








Good results 
No. of 


Duration of incontinence, ) 
patients 


years 





Per cent 





Tot 28 71 





Ito5 42 73 





5 to 10 14 85 





Io to 20 20 7° 














Over 20 6 22 





pairs: fascial sling, transplantation of bulbo- 
cavernosus muscle, interposition operation, 
and urethral plications with bladder elevation. 
Twenty-four (65 per cent) were unimproved 
or made worse by this surgery (Table III). In 
Table I the result by exercise in this group, 
followed for 2 months or more, reveals a good 
result in 27 (82 per cent). This may be com- 
pared to 57 per cent good results reported 
from repeat plication operations (2) and 76 
per cent in suprapubic approach plications on 
selected patients following one or more fail- 
ures by vaginal plication approach (7). As 
shown in Table II, 14 patients dated the onset 
of their incontinence to surgery other than an- 
terior repair. In 8 instances it began after 
abdominal hysterectomy, in 2 it followed 
shortly after colostomy, in 1 each it occurred 
after removal of bladder tumor, removal of 
carcinoma of urethra, removal of urethral di- 
verticulum, and suspension of uterus. The 


TABLE IX.—RELATION OF SEVERITY OF PRE- 
TREATMENT STRESS INCONTINENCE TO RE- 
SULTS OBTAINED WITH EXERCISE IN II7 
PATIENTS* 





Good results 
Degree of incontinence 


No. | Percent 





Mild incontinence ; 
(only on coughing and sneezing) 29 60 
Moderate incontinence 
(on moderate stress) 14 74 








Severe incontinence 
(on slight stress, wear pad) 26 70 





Extreme incontinence s 
(continuous or almost continuous) 16 9 56 














*3 patients with good results but insufficient data for classification 
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occurrence of incontinence following operation 
for tumor of bowel, bladder, or urethra merits 
special comment. It would seem tenable that 
the surgeon might assume, following an opera- 
tion of this type, that the incontinence was 
caused by either residual tumor or injury to 
the nerves, and the patient might be consid- 
ered incurable. However, all of our patients 
obtained a good result by exercise alone, thus 
proving that the underlying cause was pri- 
marily a minor muscular injury or a minor 
nerve injury with resulting dysfunction. 

Analysis of factors influencing result. The 
factors listed in Table I were analyzed be- 
cause most of them have been considered in 
previous surgical reports to be of distinct 
importance in the problem of incontinence. It 
may be seen that no one factor or a combina- 
tion of factors prevented a good result. These 
factors were present in 97 of the 1o1 patients 
(96 per cent). A single factor of the group was 
present in only 1 of the failure group. She 
was aged and senile. In some individuals, 
other factors were present which proved to be 
of greater importance in the cause of urinary 
incontinence than those charted. The sum- 
mary of the 29 failures is found in Table XI. 
Of those cured by surgery, 3 had never been 
operated upon before, and 2 of these had been 
on exercise less than 2 months before surgery 
was performed. All had large cystoceles. The 
I patient with previous surgery had had 3 
operations. She had worn a nephrostomy bag 
continuously for 42 years. Her intrinsic 
urethral pressure was less than 5 millimeters. 
She achieved a good result following a sling 
type operation. 

In the group considered capable of improve- 
ment, 5 followed treatment only 1 month, 5 
others only had minimal incontinence before 
being instructed in exercise, and 3 were 
slightly improved by the time the present 
data were summarized. In the group of un- 
certain results are found such conditions as 
those which affected the intrinsic urethral 
muscles (such as multiple operations) and 
generalized diseases affecting the nervous 
pathways or the voluntary muscles (such as 
hyperthyroidism, multiple sclerosis, or chronic 
alcoholism). In the group of patients who 
will not improve are 2 skeptics who return for 
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TABLE X.—LENGTH OF TIME I17 PATIENTS 
FOLLOWED 








Good result Relapse Poor result 
No. 0: 
Period Ppa- 
tients} No. Per Fe Per : Per 


cent cent cent 





Less than 1 month} 16 6 37 6 








1 to 2 months 22 13 59 9 





2 to 6 months 31 76 2 








6 months to 1 year 22 82 ° 





Over I year 9 75 3 25 


























clinic visits but refuse to exercise at other 
times, 1 malingerer on county aid, 1 psychotic, 
1 blind patient unable to sense levator con- 
traction, and 2 patients with long standing 
heart disease who died of cardiac failure. 


DISCUSSION 


It has been shown in this statistical report 
that a physiological approach to the problem 
of incontinence, employing active exercise of 
the pubococcygeus muscle, offers the surgeon 
a means of increasing his favorable results 
from surgery or a method of curing incontin- 
ence without surgery. At the same time we 
have attempted to show why we believe exer- 
cise of the pubococcygeus is one of the major 
factors in the maintenance of continence. To 
do this we have presented statistical data 
demonstrating the distinct benefit of a physio- 


TABLE XII.—MINIMUM EXERCISE PLAN 


I. Mild to severe incontinence Surgical risk 


Patient can sense 


TABLE XI.—DISPOSITION OF 29 PATIENTS WHO 
DID NOT BENEFIT FROM EXERCISE 
No. 
Patients 

Cured by surgery 

Improvement considered possible 

Improvement uncertain 

Will not improve 


logic approach through exercise, even when 
anatomic changes formerly considered of 
major importance in the development of in- 
continence went uncorrected. Results from 
exercise are much better than those from a 
combination of procedures now being used in 
practice. The continent woman often receives 
dilatations of the urethra as a urological 
therapeutic test. This is succeeded by a 
surgical plication performed by the gyneco- 
logical specialist. Then, when dribbling re- 
curs, more dilatations, or more surgery, follow. 
This sequence illustrates how, for want of an 
entirely satisfactory treatment, urologist and 
gynecologist have clung to diametrically op- 
posite procedures for the same condition. With 
greater attention given to the importance of 
atrophy of the periurethral structures as a 
cause of incontinence and the recognition that 
cure of incontinence may be accomplished by 
muscle hypertrophy alone, this enigma should 
gradually be eliminated. Table XII shows a 
useful scheme for treating incontinence in 
women, once infection, tumor, or stricture 


FOR ALL PATIENTS WITH INCONTINENCE 


Procedure 


levator contraction 


A. Large cystocele 


we 


1. Present 


No ————______——->-_ Surgery delayed. Exercise 


este —$—_—————_——-p> Surgery, followed by exercise 


Z | Patient —# Surgery followed 
with perineometer started ———- feels con- by exercise 
traction 


of perineometer 


tian i sap pees without visual aid 


poor 
i Exercise with visual aid of 


2. Absent 


II. Absolute incontinence — > Special neurologic 
and urethral 
pressure studies 

muscle damage 


If no major damage —e Exercise 


perineometer until contractions 
felt by patient 


— > Exercise without visual aid 


= — good Yes —————_ > Exercise without visual aid 
sy No surgery 
, No —————— Exercise with visual aid until 
poor 


contractions felt by patient 


—? Exercise without visual aid 





> Consider surgery if result 
unsatisfactory by 6 months 


If major nerve or —— > Consider sling 


operation 
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within the urinary tract has been ruled out. 
We believe that by employing active exercise, 
surgical operations for incontinence will be 
found rarely necessary, unless they are done in 
connection with operations for cystocele and 
uterine prolapse. When cystocele is present 
and is accompanied by incontinence, exercise 
alone will relieve most patients. However, if 
surgery cannot be delayed to permit preoper- 
ative exercise, the patient’s ability to contract 
levator muscles to a conscious level (++ 10mm.) 
should be established. If she is incapable of 
sensing pubococcygeal contraction, she should 
learn muscle contraction with the visual aid of 
the perineometer. We believe the surgeon 
should make this part of his routine preopera- 
tive preparation of the patient, for the pa- 
tient’s ability to exercise in the immediate 
postoperative weeks will allow her to increase 
and maintain muscle strength and help to 
prevent scarring and muscle damage. 

Only when there is extreme damage to the 
intrinsic muscle of the urethra or of the nerves 
of the urethra, will exercise of the pubococ- 
cygeus or plication operations not be of 
benefit, for merely increasing the tension of 
the periurethral tissues will be insufficient for 
control. In this rare type of incontinence, an 
entirely external mechanical tension, produc- 
ing kinking of the urethra on standing, as in 
the sling type operation, will be necessary for 
control. 

CONCLUSIONS 

1. Statistical summary of results from an 
exercise clinic treating incontinent patients 
who have had previous surgical failure or are 
surgically unfit reveals that, by exercise of the 
pubococcygeus muscles, a good result was 
obtained in 81 patients out of 117 (69 per 
cent). Of those who followed prescribed treat- 
ment for a minimal time (2 months), 81 
patients out of ror (81 per cent) obtained a 
good result. These results cannot be com- 
pared to results in surgically fit patients re- 
ported in previous surgical series, for those 
series fail to include the patients too de- 
bilitated to withstand surgery. 

2. There were 37 patients treated who had 
had previous surgery on the anterior vagina, 
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but continued to be incontinent. There was a 
good result obtained by exercise in 27 (71 per 
cent). When those followed for at least 2 
months are compared (33 patients), the per- 
centage of good results becomes 83 per cent. 

3. There were 34 patients with ‘‘cystocele” 
and 14 with “urethrocele” followed for at 
least 2 months, unless an excellent result was 
obtained sooner. Eighty-five and 93 per cent 
of these respective groups obtained a good 
result by exercise alone, thus it was demon- 
strated that bladder and urethral position 
alone were not major factors in the main- 
tenance of continence, as these remained un- 
changed after continence was regained. 

4. The results from this clinic in treating 
complicated cases demonstrate again the im- 
portance of active exercise of the pubococ- 
cygeus muscle in the restoration and main- 
tenance of continence. Items from history 
and physical examination are listed which we 
consider important to distinguish the patient 
who will be greatly improved or cured by 
exercise from the one who will not. 

5. Different techniques in examination are 
described that we believe will separate more 
accurately the patient who definitely requires 
surgery from the patient who can be cured by 
exercise alone. 

6. Fifty-four per cent of the patients 
achieving a good result by exercise attained 
continence within 2 months; 89 per cent 
achieved it within 6 months. 
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THE KUNTSCHER NAIL IN THE TREATMENT OF 
FRACTURES OF THE TIBIA AND FIBULA 


J. E. M. THOMSON, M.D., 


HERE is an appropriate but very 

limited place for the Kuntscher med- 

ullary nail in fractures of the tibia. 

In considering the possibility of its 
use, one must recognize the complex anatom- 
ical structure of the medullary cavity of the 
tibia and the problem of obtaining stability 
therein. The medullary cavity of the upper 
and lower end of the tibia is large and wide; 
while in the central portion it is small and 
narrow. Such a variance in size makes it dif- 
ficult to have a nail give stability unless it is 
of appropriate length, size, and curve to assure 
triangular or three-point support against the 
opposing cortices of the walls of the tibial 
shaft (Fig. 1). In considering the types of 
fractures of the tibia suitable for medullary 
nailing, the importance of these stabilizing 
factors will be illustrated. 


TYPES OF FRACTURES SUITABLE FOR 
KUNTSCHER NAIL TECHNIQUE 


1. Transverse fractures of the middle third of 
the shaft of the tibia, which do not yield to con- 
servative methods of reduction and demand open 
reduction and some type of internal fixation. 
Due consideration should be given to the pos- 
sible use of slotted plates or conventional 
plates and screws. No matter what type of 
fixation is used, we believe cancellous bone 
chips should be packed about the fracture 
line. Should a Kuntscher nail be chosen, the 
stability must be supplemented always by a 
snug fitting plaster cast. 

After reduction of the fragments, a strong, 
sufficiently long, properly curved, U-shaped 
Kuntscher nail is inserted into a small, down- 
ward oblique hole in the upper medial end of 
the tibia. The nail is driven down the medul- 
lary cavity across the reduced fracture line 
and seated against the cortex of the wide lower 
end of the bone. It is essential that the point 
of highest convexity of the nail be in contact 
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with the cortex at or near the fracture line, 
and that the lower extremity of the nail be 
firmly imbedded into the lower subcortical 
wall in the same plane as that into which the 
upper end was inserted (Fig. 1a). Dr. Piqt- 
kowski, working in Professor Dega’s clinic at 
Poznan, Poland, also emphasizes the possibil- 
ity of giving even greater stability sometimes 
by the use of a bone wedge driven into the 
upper hole behind the nail to tighten the con- 
tact against the cortical wall or entrance (Fig. 
tb). Fractures of the shaft of the fibula com- 
plicating fractures of the tibia are of no con- 
cern in the treatment of fresh fractures, unless 
they are near to or tend-to dissolve the normal 
ankle mortice. Then only is an accurate re- 


duction of the fibula essential. However, 
should the fracture involve the tibia alone, an 
oblique osteotomy of the shaft of the fibula is 
usually essential to prevent distraction and 
allow compression of the tibial fragments dur- 


ing the healing process. A tight fitting walk- 
ing plaster cast from the upper thigh to the 
toes is essential to assure stability during the 
first month or 6 weeks. After that a snug be- 
low knee walking cast should be sufficient 
until clinical healing has occurred. In our 
small group of cases union and good function 
occurred but we believed a cast or side iron 
brace support was necessary for 314 to 44% 
months, or until firm union was evident in the 
roentgenograms. ; 

There are 5 fractures of this type in our 
series. All have healed with no disability and 
the nails have been removed from all but 1 
of these. 

The history of A. W. B. (Fig. 2, a and b) is 
illustrative of the usual progress. 

Farmer, aged 38 years, had a transverse fracture 
at the junction of the middle and lower third of the 
left tibia and fibula with displacement of the frag- 
ments on December 14, 1948. After open reduction 
a medullary nail was inserted, and cancellous chips 


from the ilium were impacted about the fracture 
line. On December 22, 1948 he was dismissed from 
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a b 


Fig. 1. a, Ideally placed nail with 3 point cortical sta- 
bility. b, Wedge of bone to lighten the nail. 


the hospital in a long walking cast. On February 22, 
1949 there was sufficient stability to justify placing 
him in a below knee walking cast. On April 8, 1949 
a double lateral iron brace was applied. By April 22, 
1949 he had thrown away his cane and was doing 
spring work. Soon the brace was dispensed with, 
and on November 19, 1949 we took out the nail. 
The line of fracture was still visible but solid healing 
had taken place, with no disability. 


2. Severely comminuted simple fractures of 
the tibia in which, by the use of the medullary 
nail, full length and alignment can be main- 
tained. It is only occasionally that one sees such 
a crushing fracture in which the major com- 
minution consists of large and small frag- 
ments which would be difficult to hold with 
plates and screws that can be threaded about 
the nail and held in place by circumferential 
wires. 

Of this total series of cases, there was but 1 
case that fell within this group. 


Patient O.S., age 61 years, suffered a pedestrian- 
trolley car accident on October 4, 1947 causing a 
severe crushing, comminuted fracture of the upper 
one-half of the tibia and fibula (Fig. 3). On October 


5, 1947, with the leg in traction, operation was per- 
formed. The incision was made over the site of the 
fracture with the leg at full length, and a Kuntscher 
nail was inserted in the usual manner. The com- 
minuted fragments were aligned about the nail and 
held in position by stainless steel wire sutures (Fig. 
3b). The wound was closed. He was in a long plaster 
of paris cast from the thigh to the toes with the knee 
slightly bent for 4 months. After 2 weeks the stitches 
were removed and he was replaced in a similar tight 
fitting walking cast and allowed to go home on 
crutches. At that time he began weight-bearing. On 
January 30, 1948, a roentgenogram showed good 
union of the fragments but the line of fracture was 
still evident. There seemed to be good clinical sta- 
bility and he was allowed to go without his cast. 
About 5 months after his injury, in the latter part of 
February, he returned to work. When examined 9 
months after the accident, he had no disability, full 
range of motion in the knee and ankle, and no 
evidence of vasomotor disturbance or swelling. 


In ordinary fracture practice such an in- 
jury is rare, but in this particular instance a 
medullary nail was certainly justified. It 
served as an excellent means of internal fixa- 
tion, shortening his stay in the hospital (3 
weeks) and also his period of disability. 

3. Certain compound fractures of the tibia, 
particularly in the middle third, and those in 
which there has been an extensive loss of soft 
tissue. Such fractures can at times, after 
early adequate débridement, be temporarily 
stabilized in a position of relatively optimum 
function by the use of a Kuntscher nail, while 
plastic procedures in the form of closures of 
muscle, skin, or split skin can be carried out. 
However, in the series of such cases herein 
reported, the nail was used as a definitive 
method of treatment. In all such fractures the 
fundamental principles of compound fracture 
treatment must be observed with protection 
against tetanus (toxoid booster, 1 cubic centi- 
meter to those having been previously immu- 
nized by toxoid), and early, adequate anti- 
biotic chemotherapy and meticulous débride- 
ment of the wound are essential. After these 
preliminary procedures and proper splinting, 
a delay of a few days would be appropriate 
before actually embarking on a procedure of 
nailing or closure. During this waiting period 
one can evaluate the circulatory and meta- 
bolic response of the tissues and the absence of 
infection. Without favorable circulatory come- 
back and control of infection, the nail or any 
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Fig. 2. Patient A.W.B. (group 1). a, Fracture of mid- Fig. 3. Patient O.S. (group 2). a, Simple (closed) 
third of tibia. b, The nail is short but so placed as to severe comminuted fracture. b, Reduction and nail well 
stabilize the fracture. placed and fragments assembled and held by wires. 
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a b 
Fig. 4. Patient K.S. (group 3). a, Nonunion. b, Union Fig. 5. Patient M.S. (group 3). a, Nonunion and loss of 


after longitudinal splitting of tibial shaft. Bone chips and bone. b, Union after longitudinal splitting of tibial shaft. 
osteotomy of fibula. Cancellous chips, osteotomy of fibula. 
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: surgical venture might be considered 
xp'vitation and contribute to failure. 

‘Tne 8 such cases studied occurred as the re- 
of coal mine accidents in upper Silesia 
ud. These were courageously cared for at 
Sowinski’s clinic, Kosciuszko Hospital, 
ary. In some of these cases, had they 
rred in our country, amputation might 

been justifiable, as we have available 
functionally excellent prostheses. But 
urtificial leg used for the Polish laborer at 
time was of such a simple type that 
rers were direly handicapped for economic 
ulness in heavy industry. Therefore, every 

. individual is extremely anxious to save 
-xtremity if it is at all practical to give him 
od stable weight-bearing foot. For this 
on the Kuntscher nail was at times used 
er rather extreme circumstances. In 1 
ae in this group of fractures of the lower 
cd of the tibia with severe shattering com- 

) nution into the ankle mortice the nail was 

ven completely through the astragalus and 

aneus. With a well fitting posterior 
laster shell, the wound on the dorsum could 

» treated. Later this was replaced with a 
long leg cast so that the patient could become 
ambulatory. One would expect a stiff ankle, 
but after all with such an injury this would be 
a desirable result. When arthrodesis is not 
complete after such a trauma, surgical stabili- 
zation is the order. 

The x-ray appearance of each of these cases 
showed extensive comminution similar to the 
picture shown in group 2 (Fig. 3a). It is re- 
markable to what extent some of these pa- 
tients recovered useful weight-bearing limbs, 
in spite of so little to go on. Therefore, this 
method seems to have a justifiable place under 
circumstances of an extreme nature when time 
is not an economic factor and one can save an 
extremity with the possibility of ultimate use- 
ful function. One must have mature judg- 
ment and profound reason, however, to em- 
bark on such a program even when the wound 
looks clean and when infection is controlled 
by antibiotics. 

4. Old neglected fractures of the mid-portion 
of the tibia with nonunion or malunion form 
problems that can frequently be excellently 
treated with a Kuntscher nail. To assure suc- 


cess one must consider the following essential 
features: 

(a) One must have a closed wound with 
good circulation in the extremity. (b) Remov- 
al of intervening fibrous tissue between the 
fragments and surrounding scar is essential. 
(c) A canal must be reamed from the sclerosed 
bone ends into normal medullary canal. (d) 
The fragment ends must be transversely flat- 
tened to assure end-to-end contact. (e) After 
reduction and impaction of the fragments a 
nail of proper length and size must be so 
placed to obtain firm contact with cortical 
walls to give good stability. (f) Longitudinal 
splitting of sclerosed areas to normal cortex is 
desirable. (g) Cancellous bone chips should be 
packed about the fracture and longitudinal 
splits. (h) Osteotomy of the fibula is essential. 
(i) A well fitting plaster cast (from upper thigh 
to toes) will prevent slipping or rotation. (j) 
Early ambulation and weight-bearing (after 
3 weeks) seem to favorably influence the result. 

Two illustrative histories follow: 


CAsE 1. Patient K. S., aged 41 years, female, 
suffered a gunshot wound in October, 1944 resulting 
in a slightly oblique fracture of the tibia and fibula 
at the junction of the upper and middle thirds. 
When the wound healed a steel plate with screws 
was applied. The plate loosened and she developed 
a nonunion of the tibia and union of the fibula with 
varus deformity. On April, 1945, the plate was re- 
moved and she wore a splint to walk. Roentgeno- 
gram on November 12, 1946 showed the condition 
(Fig. 4a). This was treated on November 16, 1946 
by osteotomy of the fibula, excursion of fibrous tis- 
sues between the tibial fragments, freshening the 
ends by splitting longitudinally. Reduction of the 
tibial fracture and Kuntscher nail inserted from the 
anterolateral surface of the upper tibia. The frac- 
ture fissure was filled with penicillin and the area 
packed with bone chips. A cast was applied to in- 
clude the upper thigh. Roentgenogram on December 
6, 1946 shows good position of fragments in a walk- 
ing cast. At this time the patient began weight- 
bearing with crutches. Roentgenogram on June 13, 
1947, 7 months after operation and 3 months after 
removal of cast, shows callus formation but fracture 
fissure plainly visible. Roentgenogram on April 16, 
1948, 17 months after operation, shows that the 
fracture fissure has completely disappeared (Fig. 
4b), and complete consolidation is evident. On June 
18, 1948, she had full range of motion in knee and 
ankle, no discomfort in walking, and no disability. 
The possibility of having the nail removed was dis- 
cussed, but no conclusion reached as it was causing 
her no trouble. 
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CAsE 2. M. S., aged 23 years, male, incurred a 
gunshot wound of the left leg in April, 1945. Severe 
compound fracture of the middle third of the tibia 
resulted, and the fibula was fractured at three levels 
of the shaft. Immediately after his injury he took 
refuge in a building which was demolished and a wall 
fell on him, fracturing both femurs. Finally after 
several hours, he was rescued from under the wall. 
He was evidently treated quite adequately, as the 
wound of his leg closed with but slight scarring defect 
over the calf region. Both fractured femurs healed 
in good position, but he developed a nonunion of the 
tibia, and the multiple fibular fractures united. In 
April, 1946, a bone graft was applied to the tibial 
fracture but melted away. He wore a walking brace 
and got around with crutch and cane for over a year. 

About 2% years after injury, October 11, 1947, 
roentgenograms of Professor Dega’s clinic showed 
the nonunion with loss of substance between the 
fragments (Fig. 5a). The fractures of the fibula were 
healed with deformity. On October 17, 1947. oblique 
osteotomy of the fibula was performed with com- 
plete excursion of the fibrous pseudoarthrosis mate- 
rial. The bone ends were freshened by longitudinal 
splitting, and after reduction a Kuntscher nail was 
inserted from the anterolateral surface of the upper 
end of the tibia well down into the distal fragment. 
The bone ends were compressed and the area packed 
with cancellous bone chips. A long cast which in- 
cluded the thigh was applied. Roentgenograms on 
November 20, 1947 showed maintenance of position 
and a trace of callus. A long walking cast was used 
for 6 more weeks. Roentgenogram on February 14, 
1948 just about 4 months after operation, shows good 
consolidation of the fracture and there was good 
clinical stability (Fig. 5b). On June 20, 1948, except 
for incomplete flexion (80 degrees’ flexion) of the left 
knee, he had little disability and was working as a 
laborer. The nail was causing no trouble. 
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Of the 8 neglected fractures of the tibia and 
fibula here reported, 5 were from Professor 
Dega’s clinic at Poznan; the sixth was irom 
Dr. Sowinski’s clinic at Piekary and 2 were 
from our own clinic. These seem to qualily as 
a type of fracture problem for which the 
Kuntscher nail is particularly well suited as 
internal fixation. 


CONCLUSIONS 


1. The comments offered regarding this 
series of 22 fractures of the leg in which a 
Kuntscher nail was used as internal fixation 
are the result of a personal experience and 
clinical study of the cases. 

2. The Kuntscher nail is limited in the frac- 
tures of the tibia to the following types: (a) 
simple transverse fractures of the middle third 
of the shaft, but only when open reduction is 
indicated and when one is assured that medul- 
lary fixation offers as much or more than a 
simpler method; (b) severely comminuted 
simple fractures in which the fractured frag- 
ments can be threaded or draped about the 
nail and maintain stability; (c) severe com- 
pound fractures, particularly with soft tissue 
defects in which infection has been controlled 
and the use of the nail will assure length and 
a measure of stability while plastic procedures 
are carried out; (d) old neglected fractures of 
the tibia offer perhaps one of the most logical 
places for medullary nailing. 





ADENOMATOUS POLYPS OF THE COLON AND RECTUM 


A Challenge in Cancer Prophylaxis 


\\ {LLIAM E. DEMUTH, JR., M.D., PAUL J. CHERNEY, M.D., and WILLIAM T. FITTS, JR., 
M.D., F.A.C.S., Philadelphia, Pennsylvania 


“SANCER of the colon and rectum, one 

of the most prevalent forms of can- 

y cer, is probably the most common 

type found in males and the third 

t common in females.’ Numerous studies 

a ¢ shown that a high percentage, perhaps 

majority, of cancers of the colon and 

um have their origin in adenomatous 

ps (1, 7, 9, 12, 14). Because it is possible, 

er ideal conditions, to diagnose these poly- 

| lesions with a high degree of accuracy 

to eradicate them with little risk to the 

a.ient, adenomatous polyps offer a unique 

sortunity in the prophylaxis of cancer. Few 

her forms of cancer have their origin in 

ign lesions so easily recognized and treated. 

is disturbing, therefore, to note how often 

polyps are not found until they have become 

malignant. An analysis of our experience in 

the diagnosis and treatment of adenomatous 

polyps of the colon and rectum at the Hospital 

of the University of Pennsylvania during the 

last 8 years points out ways in which the man- 

agement of these premalignant lesions could 
be improved. 

INCIDENCE 

During the 8 years between January 1943 

and January 1951 two hundred and thirty- 

four patients with histologically proved ade- 

nomatous polyps of the colon or rectum were 


From the Harrison Department of Surgical Research, Schools 
of Medicine, University of Pennsylvania, and the Department 
of Surgery, the Laboratory of Surgical Pathology and the Penn 
Mutual Life Insurance Company Foundation for the Study of 
Neoplastic Disease, The Hospital of the University of Penn- 
sylvania, Philadelphia, Pennsylvania. 

Dr. DeMuth is a clinical fellow of American Cancer Society. 

‘Recent data collected by the National Cancer Institute con- 
cerning the morbidity from cancer in 10 large metropolitan areas 
of the United States show the following percentage distribution 
of 2,000 new cases of intestinal cancer: small intestine, 2 per 
cent; large intestine, 57 per cent; rectum (including rectosigmoid), 
41 per cent (5). If the colon and rectum are considered as one 
organ and if the above percentages can be applied to cancer 
incidence data from several sources which have considered the 
intestinal tract as a whole (6, 11), then cancer of the colon and 
rectum is the most frequent site of cancer in males and the third 
most frequent in females. 


seen in the Surgical Clinic of the Hospital of 
the University of Pennsylvania. No instances 
of known familial polyposis have been in- 
cluded in this report. Figure 1 shows the tre- 
mendous increase in the percentage of patients 
with polyps during these 8 years. The per- 
centage in 1950 was five times greater than in 
1943. In our opinion, this striking increase is 
due almost entirely to improvements in diag- 
nosis rather than to an increased incidence of 
patients with polyps in the Philadelphia area. 
During the 8 year period special roentgeono- 
graphic techniques for the detection of polyps 
came into more general use, and routine proc- 
tosigmoidoscopic examinations were performed 
more frequently. In this connection it is in- 
teresting to note that during 1950 one of us 
(WTF) did routine proctosigmoidoscopies on 
50 executives over 48 years of age from a large 
industrial firm. Polyps were discovered in 
8 per cent of those examined. The figure is 
higher than the average found in large series 
of autopsies (2.37 to 7.0 per cent) (8, 13) or 
in other series of routine proctosigmoidoscopies 
(2.3 to 8.8 per cent) (3, 4, 10,15). It may in- 
dicate, however, that if one selects males in 
the older age groups the incidence will tend 
to approach the higher figure. The average 
age of our 234 patients was 55 years. 


LOCATION 


Figure 2 illustrates the anatomical distn- 
bution of the adenomatous polyps in our 
series, compared with the distribution of car- 
cinoma of the colon and rectum (2). It is for- 
tunate, as many observers have pointed out, 
that both polyps and cancer are most common 
in the distal large bowel where they can be 
diagnosed by simple procedures. Approxi- 
mately two-thirds of the polyps and one-half 
of the carcinomas were within reach of the 
25 centimeter sigmoidoscope. (The figures for 
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Fig. 1. Patients with polyps of the colon and rectum 
as a percentage of total patients admitted to general surgi- 
cal service during the years 1942 to 1940 


PER CENT 


the most distal location noted in Figure 2 
include lesions within reach of the 25 centi- 
meter sigmoidoscope.) 


DIAGNOSIS 


Symptoms. The only symptom which we 
could consider specific for adenomatous polyps 
was bleeding, which occurred in over one-half 
of the patients studied. Because so many 
polyps were associated with other large bowel 
lesions it was difficult to attribute to polyps 
certain other symptoms noted in these pa- 
tients: constipation, diarrhea, and abdominal 
pain. Many polyps were found upon routine 
examination of patients who had no intestinal 
tract symptoms. 

Methods of diagnosis. Table I gives the 
method by which the diagnosis was first made. 
Fifty-four per cent of the polyps were origi- 
nally found either by digital examination or 
by the use of the 25 centimeter sigmoidoscope. 
Thirty-one per cent were not suspected until 
after resection of a segment of bowel for car- 
cinoma. In most of these latter instances ade- 
quate preoperative examination of the bowel 
proximal to a recognized malignant lesion was 


TABLE I.—METHOD OF DIAGNOSIS OF POLYPS 


Diagnosis first made by: No. cases 


13 30 
Sigmoidoscope 41 95 
Barium enema 15 36 
Pathologic examination of re- 

sected specimen or postmortem 
examination é 73 


Per cent 


not performed because of the danger that 
barium enema or sigmoidoscopic examination 
might convert a partial into a complete ob- 
struction or might perforate the bowel. These 
findings do show the necessity of obtaining a 
postoperative contrast barium study following 
all large bowel resections for carcinoma, be- 
cause small polypoid lesions not noted pre- 
operatively are easily missed at operation. 
The disastrous consequences that may follow 
such omission are illustrated in the following 
case report of one of the patients in this series, 


W. Z., No. 81833, a 62 year old white male, en- 
tered the Hospital of the University of Pennsylvania 
on May 5, 1949. He had been well until a few weeks 
before admission when he noted crampy abdominal 
pain following eating, became increasingly consti- 
pated, and passed bright red blodd mixed with his 
stools. 

A barium enema showed a constricting lesion in 
the sigmoid, which was above the level of the 25 
centimeter sigmoidoscope. No lesions were seen in 
the large bowel proximal to this area, but the roent- 
genologist did not attempt to do a thorough examina- 
tion because of the constricting nature of the sigmoid 
lesion. 

A wedge resection with end-to-end anastomosis 
was performed on May 20, 1949 for adenocarcinoma 
of the sigmoid. No metastases were noted at opera- 
tion and the remaining large bowel appeared normal. 
Pathologic examination showed no metastases in 23 
lymph nodes examined. 

Although the patient was advised to have a barium 
enema and a sigmoidoscopic examination in 6 
months, he failed to return and when we next saw 
him on December 30, 1950, nineteen months post- 
operatively, there were huge carcinomas of the 
cecum and upper sigmoid colon with liver metastases. 


Following colon resection for carcinoma it is 
mandatory that proctosigmoidoscopies and 
contrast barium enemas be performed at fre- 
quent intervals. 

Table II illustrates the difficulty in the 
diagnosis of polyps by the ordinary barium 
enema under the following two conditions: 
(1) when there is an associated carcinoma of 
the large bowel, and (2) when the lesion is in 
the distal 25 centimeters of large bowel. Al- 
though the Department of Radiology of the 
Hospital of the University of Pennsylvania 
has repeatedly demonstrated its ability to 
detect small polypoid lesions, even less than 
1 centimeter in diameter, with the use of 
special techniques, nevertheless, polyps were 
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often overlooked under these two circum- 
starces. Of 80 patients with adenomatous 
polps who had resections of the large bowel 
for an associated carcinoma and who had 
rovline barium enema examinations preop- 
er: ively, the polyps were demonstrated by 
th barium enema in only 26 per cent. Like- 
wi», only 38 per cent of the polyps discovered 
by proctosigmoidoscopy were demonstrated 
by »arium enema in patients who were studied 
by voth procedures. It should be emphasized 
th | these diagnostic failures which followed 
th use of the routine barium enema in the 
m: jority of cases were especially unsuccessful 
w! n the study was done in cases of suspected 
ca cer. The air contrast polyp study now 
us | following careful preparation of the 
el is much more effective in detecting small 
poid lesions, and should be employed 
toperatively in every patient in whom a 
e bowel carcinoma has been resected or in 
‘yom a polyp has been found on procto- 
ioidoscopy. 


MULTIPLICITY OF POLYPS 


More than 1 polyp was demonstrated in 
33 per cent of these patients and more than 
2 polyps in 18 per cent. We believe that the 
actual incidence of multiple polyps is even 
higher because of the number that escape de- 
tection for the reasons noted. To us the 
finding of such a high incidence of multiple 
polyps is the most disturbing factor as regards 
treatment. Certainly the finding of an ade- 
nomatous polyp on proctosigmoidoscopy war- 
rants careful study of the proximal large bowel 
for polyps. In fact, we believe that routine 
proctosigmoidoscopy is justified not only be- 
cause it serves as a means of finding and erad- 
icating polyps in the distal 25 centimeters of 
large bowel but also because the finding of 
polyps in the distal bowel is so often a warning 
that other polyps or frankly malignant lesions 
may be present in the proximal large bowel. 
The following case indicates that many polyps 
may be unsuspected at the time of operation 
on the large bowel for carcinoma and illus- 
trates the need for radical surgery in such 
Instances. 


G. V., a 60 year old white female, entered the 
Hospital of the University of Pennsylvania on 
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Fig. 2. Distribution of polyps and carcinomas of large 
bowel. 


March 29, 1950 because of loss of weight and in- 
digestion. 

Examination showed a hard mass in the right 
lower quadrant of the abdomen. She was anemic. 
Proctosigmoidoscopic examination showed 8 ade- 
nomatous polyps within the distal large bowel. 
These were removed through the proctoscope and 
their bases fulgurated; microscopic examination 
showed that none of these polyps was malignant. 
An ordinary barium enema revealed a filling defect 
in the cecum that was thought to represent a carci- 
noma of the cecum. No other lesions of the large 
bowel were demonstrated. 

Operation was performed on April 4, 1950. A 
right colectomy was done for a large carcinoma of 
the cecum. No metastases and no other lesions of 
the large bowel were noted until the excised speci- 
men was opened, at which time 80 adenomatous 
polyps, ranging in size up to 1 centimeter, were 


TABLE II.— DIFFICULTY IN DIAGNOSIS OF POLYPS 


BY BARIUM ENEMA 


No. of 
cases 
No. diagnosed 
of by barium Per 
cases enema cent 
1. Segmental large bowel resec- ~ 
tions for carcinoma with as- 
sociated polyps. Barium en- 
ema done preoperatively... .. 
. Polyps seen on_ proctosig- 
moidoscopy in patients also 
having a barium enema ex- 
amination 
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found studding the ascending and proximal trans- 
verse colon; 2 showed malignant change. No further 
procedure was done at this time. Postoperatively, 
a barium enema disclosed several polyps in the re- 
maining large bowel and, on April 20, 1950, this was 
removed down to the pelvic floor and the terminal 
ileum anastomosed to the rectum. A few benign 
polyps remained in the rectum and these were de- 
stroyed by fulguration at the time the rectum was 
opened. At the Jast examination, May 7, 1951, the 
patient was in excellent health. Proctosigmoidos- 
copy revealed no mucosal lesions. 


RELATIONSHIP TO CARCINOMA 


Eighty-five (36 per cent) of the patients in 
this series had an associated carcinoma of the 
colon. Malignant change was noted in polyps 
in 36 patients (15 per cent). We have differ- 
entiated between frank carcinoma of the colon 
and malignant change in adenomatous polyps 
by the presence or absence of invasion of the 
bowel wall. In none of the lesions called 
adenomatous polyps was the bowel wall in- 
vaded. The following case illustrates the un- 
questioned premalignant nature of adenoma- 
tous polyps. 


D. F., a 69 year old white male, was hospitalized 
at the Hospital of the University of Pennsylvania 
on December 28, 1948 with a history of abdominal 
pain and diarrhea of 3 months’ duration. No rectal 
bleeding had been noted. 

Physical examination was essentially negative. 
Proctosigmoidoscopy revealed the presence of 7 
sessile polyps scattered at a distance of 13 to 20 
centimeters from the anus. The lowest lesion was 
biopsied and a diagnosis of carcinoma made. 

Abdominoperineal resection was carried out on 
January 3, 1949. At the time of operation a single 
liver metastasis was noted and examination of the 
resected specimen revealed 4 of the 7 polyps were 
malignant with obvious stalk invasion in all 4. 
Twenty of 21 accompanying mesenteric lymph nodes 
were involved with metastatic carcinoma. No other 
mucosal lesion was found. Invasion of the bowel 
wall proper was definite in 2 lesions. 

It seems reasonable to assume that there was a 
time when these polyps could have been discovered 
and eradicated while still benign by the simple ex- 
pedient of proctoscopy and biopsy with fulguration. 
The widespread node involvement indicates that 
only radical surgery will suffice in analogous situa- 
tions. 


TREATMENT OF ADENOMATOUS POLYPS 


Once diagnosed, an adenomatous polyp 
should be destroyed. In this series polyps 
were removed through the sigmoidoscope in 


almost half (108) of the 234 patients. The 
base should be fulgurated at the time of re- 
moval. Dr. Richard Bush, a former surgical 
resident of the Hospital of the University of 
Pennsylvania, introduced the practice of in- 
jecting India ink into the mucosa surrounding 
the base of the polyp to aid in the identitica- 
tion of this area subsequently if malignant 
changes were demonstrated on microscopic 
examination. If this is not done the area of 
excision may be difficult to find after several 
days, especially at laparotomy. 

Forty-six patients (15 per cent) had polyps 
removed by colotomy and the remaining pa- 
tients by resection of the involved colon. 
Whether resection is required for grossly 
benign polyps is difficult to decide at the op- 
erating table. If invasion is demonstrated by 
immediate pathologic examination, resection 
of the bowel should be immediately performed. 
If histologic evidence of cancer without in- 
vasion is found on pathologic examination 
(which may be difficult or impossible to dem- 
onstrate by frozen section), complete removal 
of the polyp is probably sufficient. If invasion, 
missed at operation, is found on final patho- 
logic examination then reoperation and resec- 
tion are advisable. Because of the practical 
difficulties involved in persuading the patient 
and his family of the necessity of a second 
operative procedure so soon after the first, and 
because resection of the large bowel can be 
done with almost no risk, we believe that the 
surgeon would be wise to resect the bowel in 
cases of doubt. The experience of McLanahan 
and associates, who found ro recurrences of 
polyps (5 of which were malignant) out of a 
group of 38 patients having local removals of 
malignant adenomas, would tend to substan- 
tiate this conclusion. 


SUMMARY AND CONCLUSIONS 


An analysis of the experience with adenoma- 
tous polyps of the colon and rectum at the 
Hospital of the University of Pennsylvania 
during the last 8 years brings out the following: 

1. The percentage of patients found to 
have polyps was five times as great in 1950 
as in 1943. 

2. Two-thirds of the polyps were within 
reach of the 25 centimeter sigmoidoscope. 
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Because of the premalignant nature of ade- 
nomatous polyps, routine proctosigmoidos- 
copy is probably one of the most important 
weapons available to the physician for the 
prophylaxis of cancer. 
>. Special roentgenologic techniques are 
higily sensitive in detecting small polyps of 
large bowel, but ordinary barium enema 
ex. minations frequently overlook polyps. In 
ou. experience polyps were most frequently 
mi sed by ordinary barium enema examina- 

under the following two conditions: (a) 
W en the polyp was in the distal 25 centi- 
m: ers of large bowel. Polyps were missed by 

um enema in 62 per cent of a group of 
pa ents in whom the diagnosis was made by 
pr tosigmoidoscopy. (b) When the polyp 
w: . associated with a carcinoma of the bowel. 
In this series an ordinary barium enema ex- 
an nation detected polyps in only 26 per cent 
of \he patients who had a polyp associated 
wi carcinoma. 

ontrast barium enemas should be per- 
for ned in all patients who have carcinoma of 
th: large bowel. In many instances these 
examinations are contraindicated preopera- 
tively, but must be routinely performed post- 
opcratively. 

The frequency with which adenomatous 
polyps of the large bowel are found to be 
muitiple is alarming. The finding of a single 
polyp is an indication for a complete study of 
the large bowel as well as regular follow-up 
examinations. 

5. Because adenomatous polyps of the large 
bowel are premalignant, and because they 
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may be removed with little risk to the pa- 
tient, their diagnosis and eradication provide 
a rich opportunity for the physician interested 
in the prophylaxis of cancer. 
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Fig. 5. 


Fig. 1. R. M. Original closed fractures of the radius and 
ulna in 10 year old patient. 

Fig. 2. R. M. Satisfactory reduction immediately after 
accident by family physician. 

Fig. 3. R.M. Refracture at previous level, 8 weeks later. 

Fig. 4. R. M. Immediate postreductive films after sec- 


Fig. 6. 


ond injury; moderate encroachment of interosseous space. 
Fig. 5. R. M. Seven days later; unsatisfactory position of 
fragments and marked encroachment of interosseous space. 
Fig. 6. R. M. Anteroposterior projection, 48 hours after 
insertion of beaded wires, with restoration of the inter- 
Osseous space. 


Employment of Beaded Wires in Fractures of the Forearm.—Edgar H. White. 





EMPLOYMENT OF BEADED WIRES IN FRACTURES 
OF THE FOREARM 


EDGAR H. WHITE, M.D., F.A.C.S., Cincinnati, Ohio 


DEQUATE width of the interosseous 
space between radius and ulna is 
essential to the maintenance of com- 
plete forearm supination and prona- 

n. To obtain sufficient separation of the 


lial and ulnar fragments when both bones > 


fractured, particularly in the distal third 
the forearm, may be difficult or impossible. 

e pull of the pronator quadratus often re- 

ts in malposition of the distal radial frag- 
nt, despite an original satisfactory reduc- 
n. The multiplicity of methods such as the 
rrol hand screw, lateral skeletal traction 
‘th long metallic screws, and various types 
open reductions with internal fixation testi- 

[. to the search for a suitable solution to the 
1 oblem. Obviously the requirements for good 
alignment of shaft fractures of the radius and 
i/na are most pressing in the adult; neverthe- 


‘rom the Department of Surgery, College of Medicine, Uni- 
ersity of Cincinnati, Cincinnati, Ohio, and the Fracture Service, 
Cincinnati General Hospital, Cincinnati, Ohio. 


Fig. 7. R. M. Wires have been removed after 334 weeks 
and patient is wearing second cast. Early callus is evident. 


less, both surgeon and family are disappointed 
in any reduction of forearm fractures in chil- 
dren resulting in deformity or limitation of 
forearm rotation. Malalignment of mild to 
moderate degree in the very young may even- 
tually develop good functional and anatomical 
position as a result of remodeling but the re- 
alignment requires several years or more to 
complete. The practice of employing metallic 
plates in forearm fractures is being discarded 
and their usage close to the wrist joint is 
strongly condemned. Experience with intra- 
medullary wire fixation when the fracture 
levels are close to the wrist has been unsatis- 
factory because of insufficient length of the 
distal fragment and because of danger of 
epiphyseal plate damage in children. 


METHOD 


A method employing beaded wires has been 
found to be simple and practical. With the 


Fig. 8..R. M. Fourteen months follow-up with excellent 
alignment and normal function. 
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Fig. 12. 


Fig. 9. P. S. Closed fractures in 5 year old patient, 18 
days after injury. Treated elsewhere with unsatisfactory 
position of the radial fragments. Early callus present. 

Fig. 10. P. S. Marked improvement in alignment of 
radius following insertion of beaded wires with widening 
of interosseous space. 











Fig. 13. 


Fig. 11. P. S. Beaded wires removed after 4 weeks. Pa- 
tient now with second cast worn 2 additional weeks. 

Fig. 12. P. S. Firm union and excellent alignment at 
time of removal of second cast. 

Fig. 13. P. S. Six months follow-up with restoration of 
radial alignment and adequate interosseous space. 
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Fig. 16. 


Fig. 14. J. B. Closed fractures of radius and ulna in 10 
year old patient. 

Fig. 15. J. B. Immediate postreductive films following 
closed manipulation under local anesthesia with applica- 
tion of unpadded cast. 

Fig. 16. J. B. Beginning encroachment of the inter- 
osseous space by proximal radial fragment. The negative 
has been retouched to illustrate degree of encroachment. 

Fig. 17. J. B. Realignment of the radial fragments fol- 
lowing insertion of beaded wires. Wire traversing the ulna 
could probably just as well have been inserted through the 
distal ulnar fragment. 

Fig. 18. J. B. Follow-up x-ray film, 2 months after 
original injury. 














Fig. 19. 


4 
Fig. 21. 


Fig. 19. J. S. Closed fractures of radius and ulna in 6 
year old boy. 

Fig. 20. J. S. Immediate postreductive films with ex- 
cellent alignment of the radial fragments but oblique frac- 
ture of the ulna prevents satisfactory stabilization. Early 
encroachment of interosseous space; ulnar fractures of this 
type can be expected to be displaced toward radius. 


patient under general or brachial block anes- 
thesia in the supine position the forearm is 
suspended by finger traction from the over- 
head bar on the fracture table. A beaded 
wire is so inserted as to skirt closely but not 
penetrate that particular forearm bone clos- 
est to the operator, but is then drilled through 
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Fig. 20. 





Fig. 22. 


Fig. 21. J. S. Insertion of beaded wires 10 days after 
original injury. Original excellent reduction of the radial 
fragments maintained; ulnar fragments are now well sta- 
bilized. 


Fig. 22. J. S. X-ray examination 3 months after original 
injury, with good alignment except for slight volar bowing 
of radius. 


the distant bone close to the fracture level 
until the bead strikes upon the cortex of the 
penetrated bone. In a similar fashion a sec- 
ond beaded wire is passed from the opposite 
side of the forearm through the bone that 
was not pierced by the first wire. It is less 
traumatizing to employ an electric drill to 
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ins: rt the beaded wires. The obliquity of the 
fra ture level must be carefully studied so 
the: the subsequent lateral traction on the 
on: transfixed fragment, which may be either 
thi proximal or distal, will engage the re- 
m: ning fragment of the same bone and 
ca’ y both away from the midline of the fore- 
ar. as traction is exerted. The Pease bow is 
th 1 fastened to both wires. Suitable reduc- 
ti \ with the establishment of an adequate 
in’ -rosseous space is controlled by the fluoro- 
sc. oe, after which a long arm padded cast is 
aj tied. The bow is removed and suitable 
lu: s are applied and tightened after the plas- 
te. has thoroughly dried in 24 to 48 hours. 
T! . beaded wires are left im situ 3 to 4 weeks 
de ending upon roentgenographic demon- 
st: tion of adequate callus. Fractures of the 
forearm in 7 children have been treated by 
this procedure, with 6 satisfactory results. 
The removal of the wires at the end of 21 
davs when callus was judged to be adequate 
resulted in loss of adequate reduction in 1 
instance which necessitated a corrective lon- 
gitudinal osteotomy of the radius. 


- 


5 3 


CASE HISTORIES 


R. M. This ro year old boy fell on April 14, 1947, 
receiving closed fractures of the distal end of the 
left radius and ulna (Fig. 1). The fractures were well 
reduced by a local physician (Fig. 2) following which 
a long arm cast was worn for 6 weeks. On June 9, 
1947, the patient fell again, refracturing the radius 
and ulna at the level of the previous fractures 
(Fig. 3). These fractures were again reduced by the 
family physician who obtained an acceptable reduc- 
tion (Fig. 4), but within 1 week there had been con- 
siderable lateral shifting of the proximal radial frag- 
ment so that marked encroachment on the inter- 
osseous space was present (Fig. 5). On June 21, 
1947, beaded wires were inserted under general anes- 
thesia with excellent alignment of both bones (Fig. 
6). The wires were removed after 314 weeks (Fig. 
7), and the patient remained in plaster a total of 6 
weeks. The final x-ray examination was carried out 
on August 14, 1948, fourteen months after the second 
injury (Fig. 8). 

P. S. This 5 year old boy fell suffering closed 
fractures of the right radius and ulna on March 21, 
1949. He was treated elsewhere by manipulation 
under general anesthesia a few hours after the injury 
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and a long arm unpadded cast applied. The patient 
was first examined on April 8, 1949, at which time 
X-ray examination through the cast revealed con- 
siderable encroachment on the interosseous space by 
the proximal radial fragment (Fig. 9). Under gen- 
eral anesthesia on the same day, beaded wires were 
inserted and despite radiologic evidence of ossifying 
callus an adequate interosseous space was obtained 
(Fig. 10). The wires were removed 4 weeks later 
(Fig. 11); the patient remained in plaster a total of 
6 weeks (Fig. 12). The last x-ray films were taken 
on October 11, 1949, six months after insertion of the 
wires (Fig. 13). 

J. B. This to year old boy fell receiving closed 
fractures of the right radius and ulna on June 21, 
1949 (Fig. 14). These fractures were reduced by his 
family physician with the application of a long arm 
unpadded cast (Fig. 15). The patient was first ex- 
amined 17 days after the injury, at which time x- 
ray examination revealed encroachment of the inter- 
osseous space by the proximal radial fragment (Fig. 
16). On the following day, under general anesthesia, 
beaded wires were inserted with satisfactory align- 
ment of the radial fragments, despite early ossifying 
callus (Fig. 17). The wires were left im situ 3 weeks 
and the arm remained in plaster a total of 6 weeks. 
Follow-up roentgenograms were taken on August 27, 
1949, two weeks after the removal of the second 
plaster cast (Fig. 18). 

J. S. This 6 year old boy fell receiving closed frac- 
tures of the left radius and ulna on June 15, 1948 
(Fig. 19). These fractures were reduced a few hours 
after the accident under general anesthesia, with 
application of a long arm unpadded cast. Postreduc- 
tion x-ray films revealed satisfactory alignment of 
the radial fragments with encroachment on the in- 
terosseous space by the proximal ulnar fragment 
(Fig. 20). The obliquity of the ulnar fracture line 
prevented the maintenance of a satisfactory reduc- 
tion. Ten days after the original injury, beaded 
wires were inserted under general anesthesia with 
excellent alignment of all four fragments (Fig. 21). 
The wires were removed after 34 weeks and the 
patient wore a cast a total of 64 weeks. Final x- 
ray examination occurred on September 17, 1948, 
three months after the original injury (Fig. 22). 


SUMMARY 


A simple method has been presented for 
handling angulation or displacement of either 
radial or ulnar fragments following fractures 
of the forearm. The advantages are absence 
of operative scars and avoidance of secondary 
surgery for removal of plates or other metal. 
Four case reports with roentgenograms are 
presented. 





EXPERIMENTAL STUDIES ON REVERSAL OF THE 
CIRCULATION IN THE LOWER EXTREMITY 


THOMAS H. PALMER, M.D., and C. STUART WELCH, M.D., F.A.C.S., Boston, Massachusetts 


ECENTLY there has been a revival 
of interest in using the venous sys- 
tem as a means of revascularizing 
ischemic organs. In the early part 

of this century the idea was conceived that an 
ischemic limb might be restored to useful 
function after femoral arteriovenous anasto- 
mosis. It was reasoned that the arterial 
stream when diverted into the venous system 
in a centrifugal direction could overcome the 
resistance of the venous valves, reach the 
capillaries in the distal part of the extremity, 
and return to the heart via other veins or ar- 
teries. There has been much controversy 


about the rationale of such a concept. How- 
ever, there has never been a thorough evalua- 
tion of arteriovenous anastomosis as a means 
of revascularizing the ischemic extremity. 
Subsequent to 1915 arteriovenous anastomosis 
as a revascularizing procedure received little 


attention until Beck began investigation of 
the feasibility of improving the ischemic 
myocardium by shunting arterial blood in a 
reverse direction through the cardiac veins 
(1). It has been reported by Beck that the 
introduction of arterial blood into the coro- 
nary sinus protects the dog’s heart to a high 
degree against occlusion of a major coronary 
artery. McKahnn, Belnap, and Beck have 
presented evidence to support their belief that 
after anastomosis of the common carotid 
artery to the internal jugular vein arterial 
blood flows in retrograde fashion through the 
veins to areas of the cerebral cortex which are 
hypofunctioning as a result of an impaired 
blood supply (2, 16). These investigators 
have reported improvement after carotid jug- 
ular anastomosis in patients with mental 
retardation. convulsive disorders, and other 
cerebral pathological states when they are the 

From the Department of Surgery, Tufts College Medical 
School, and Surgical Research Laboratory of the New England 
Center Hospital, Boston, Massachusetts. This work was aided 


by a grant from the United States Public Health Service and the 
Charlton Research Fund of Tufts College Medical School. 


result of cerebral ischemia. Schilling and his 
co-workers have reported that implantation of 
the hepatic artery into the portal vein permits 
the survival of dogs after interruption of the 
hepatic artery and its branches. Johnston and 
his co-workers have revived the idea of arteri- 
ovenous anastomosis as a method of improv- 
ing the circulation in ischemic extremities 
(13, 14). In preliminary reports he has indi- 
cated that the results of arteriovenous anas- 
tomosis in a group of patients with ischemia or 
ischemic gangrene of the extremities are en- 
couraging. In view of these facts it was the 
opinion of the authors that a critical experi- 
mental evaluation of the concept of reversal 
of the circulation in the extremities should be 
carried out. In this communication we wish 
to present the results of a series of experiments 
undertaken in an attempt to determine the 
effects of end-to-end femoral arteriovenous 
anastomosis in the dog with particular refer- 
ence to its efficacy as a means of supplying 
blood to an ischemic leg. A review of the 
experimental and clinical reports on the sub- 
ject follows. 


REVIEW OF THE LITERATURE 


Experimental. Carrel and Guthrie, in 1906, 
divided the femoral vessels of a dog and 
anastomosed the proximal cut end of the 
femoral artery to the distal cut end of the 
femoral vein. They reported that under direct 
observation the venous valves were seen to 
give way one by one under the constant arterial 
pressure. At the end of 3 hours the veins of 
the extremity were bright red and the arteries 
contained dark blood. It was concluded on 
the basis of this experiment that functionally 
the veins had become arteries and vice versa, 
with reversal of the direction of blood flow 
through the capillaries. Tuffier reported ob- 
servations comparable to those of Carrel, but 
Cottard and Villandre found in a similar ex- 
periment that after 214 hours only the proximal 
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ives in the limb had been forced, while the 

is.al veins contained dark blood. Gallois 

1! Pinatelle in 1903, and Coenen and Wie- 

“i rowski in 1911, on the basis of animal 

cadaver experiments, asserted that the 

e ves do not give way and that the shunted 

| od simply flows back toward the heart 

yugh collateral veins. Horsely and White- 

d in 1915 carried out end-to-end femoral 

‘riovenous anastomosis in a series of dogs 

: | at varying intervals after operation sac- 

ed the animals. Angiographic studies of 

‘cted limbs demonstrated that radio-opaque 

terial flowed centrifugally in the veins but 

irned to the vena cava by the nearest 

vy. ious anastomotic route. In only 1 animal 

y s injected material found to have reached 

- paw. They concluded that arteriovenous 

; astomosis for impending gangrene seemed 
justifiable. 

Clinical. In 1902, San Martin and Satruste- 
«i made the first recorded attempt to revas- 
vularize the ischemic extremity by means of 
femoral arteriovenous anastomosis in 2 pa- 
ticnts with arteriosclerotic gangrene. The 


operation was ineffectual in both cases. Wiet- 
ing noted definite improvement after femoral 
arteriovenous anastomosis in 3 of 5 patients 


with actual or impending gangrene of the 
lower limb. He believed that arterial blood 
flowed to the periphery in the deep system of 
veins and returned toward the heart via the 
superficial system. Wieting was unable to ex- 
plain how blood could flow through the capil- 
laries if such a situation resulted, but offered 
his clinical successes as evidence of a beneficial 
effect. Johnston has more recently suggested 
that the shunted blood may first pass from 
the venous to the arterial side of the capillaries 
through normally occurring arteriovenous 
anastomoses, then after traversing the capil- 
laries return toward the heart through other 
veins (13). Bernheim, in 1912, analyzed 52 
cases of reversal of the circulation in the ex- 
tremities and found that in 15 of these arteri- 
ovenous anastomosis had apparently saved 
the limb. He believed that many failures were 
due to the fact that gangrene was advanced 
at the time of operation and that the proce- 
dure was often undertaken by surgeons in- 
experienced in the technique of vascular 
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anastomosis. Stetten, in 1915, reviewed the 
results of arteriovenous anastomosis in 124 
patients with actual or threatened gangrene 
of the extremities. Of this number amputa- 
tion had been avoided in 24. It was pointed 
out by Stetten that thromboangiitis obliter- 
ans, which not uncommonly undergoes spon- 
taneous remissions, was the underlying vascu- 
lar disease in many of the successful cases. 
In addition, in the majority of cases described 
in the literature the patients had been fol- 
lowed for less than 1 year after operation. 


EXPERIMENTAL METHODS 


Fifty-four adult mongrel dogs were used in 
this study. In 48 dogs the femoral vessels 
were divided and the proximal cut end of the 
femoral artery was anastomosed to the distal 
cut end of the femoral vein. In 17 of the 48 
animals the proximal cut end of the femoral 
vein was anastomosed to the distal cut end 
of the femoral artery, while in the remaining 
31 animals these vessels were ligated (Fig. 1). 
Anticoagulants were not used in the majority 
of these experiments. Twenty-one dogs were 
given depo-heparin, 4 milligrams per pound, 
2 to 4 hours after operation and at 24 hour in- 
tervals for 5 days thereafter. During this 
period the coagulation time, determined by 
the Lee-White method, was found to vary 
between 15 and 60 minutes. For the purpose 
of angiography 35 per cent diodrast was used 
in living animals and Hill’s medium was used 
in the dogs that died or were sacrificed. 

In order to evaluate the effects of femoral 
arteriovenous anastomosis in the presence of 
ischemia the operation was combined with a 
modification of the Halsted-Reichert transec- 
tion-reimplantation procedure utilized in 
previous studies in this laboratory. It has 
been shown by Reichert and by Callow and 
Welch that after transection of the soft tis- 
sues of the thigh, leaving the femoral vessels 
and the nutrient artery of the femur as the 
only intact vascular structures, followed by 
anatomic reimplantation of the divided struc- 
tures, the survival of the limb is dependent on 
the integrity of the femoral vessels. Complete 
severance of the soft tissues of the thigh ef- 
fectively destroys all the lesser arterial blood 
supply to the lower limb as well as the venous 
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Fig. 1. Photograph of double femoral arteriovenous 
anastomosis taken at the time of operation. The proximal 
cut end of the femoral artery has been anastomosed to the 
distal cut end of the femoral vein. The proximal cut end of 
the femoral vein has been connected with the distal cut end 
of the femoral artery by means of a preserved arterial 
homograft. 


return. The integrity of the circulation of the 
distal part of the extremity therefore is entirely 
dependent on the major femoral vessels. If 
these are transposed, a critical test of reversal 
of the circulation is set up. In 3 dogs the thigh 
was transected and the femoral vessels were 
transposed at the level of transection (Fig. 
2). If such a preparation should allow the 
limb to remain viable it would indicate that 
the direction of blood flow in the extremity 
had been completely reversed, and the obser- 
vations of Carrel and Guthrie would be con- 
firmed. In 3 additional dogs transection reim- 
plantation of the thigh was carried out. The 
femoral vessels were divided and the proximal 
cut end of the femoral artery was anastomosed 
to the distal cut end of the femoral vein. The 
proximal cut end of the femoral vein and the 
distal cut end of the femoral artery were 
ligated. The long saphenous vein was left 
intact, bridging the transection to terminate 
just proximal to the site of ligation of the 
femoral vein (Fig. 2). If such a preparation 
should allow the limb to remain viable, the 
theory suggested by Wieting and Johnston, 
that after femoral arteriovenous anastomosis 
blood flows to the periphery in the deep system 
of veins and returns via the superficial system, 
would be supported. 

Operative procedure. Intravenous nembutal 
anesthesia wasemployed. The entire length of 
the femoral vessels was exposed and ail 
branches of both the femoral artery and 
vein except the saphenous vein were ligated 
at their origin. The artery and vein were 
divided at levels 2 to 3 centimeters apart in 


order to prevent tension on the anastomosis 
caused by retraction of the vessels. When 
double arteriovenous anastomosis was carried 
out, an arterial graft was inserted between the 
proximal cut end of the vein and the distal cut 
end of the artery in order to overcome the 
defect caused by retraction. A cuff of adven- 
titia was trimmed from the ends to be anas- 
tomosed. The ends of the vessels were held 
in approximation by three sutures at equidis- 
tant points around their circumference. An- 
astomosis was then accomplished by means of 
either a continuous everting mattress suture 
or a continuous interlocking suture of No. 
ooccoo oiled silk. Procaine penicillin, 300,000 
units, was administered on the day of opera- 
tion and daily thereafter for 5 days. In the 
transection-reimplantation experiments the 
technique described by Callow and Welch, 
and Miller and Welch was followed. The 
combined procedure required from 8 to 10 
hours and transfusions of fresh whole blood 
were given in amounts sufficient to replace the 
rather considerable blood loss. 


RESULTS 


The early effects of end-to-end femoral arteri- 
ovenous anastomosis without transection reim- 
plantation. Both single and double anasto- 
mosis produced the same effects on the ex- 
tremity. Within 12 hours after operation 
there was steadily increasing enlargement of 
the entire limb. The dogs became extremely 
weak and could barely stand without assist- 
ance for 2 to 3 days. Thirteen dogs or 27 
per cent of the 48 animals in which anastomo- 
sis was carried out died from 18 to 58 hours 
after operation. Bleeding from the anastomo- 
sis occurred in 3 of these dogs but was not of 
sufficient severity to explain the death in 2. At 
postmortem examination pathologic changes 
were confined to the lower limb on the side 
of operation. There was marked hemorrhagic 
edema of the entire extremity in all of the 
animals that died. The skin and subcutaneous 
tissues were thickened and boggy. The 
muscles distal to the anastomosis were red- 
dish black and severely congested. On micro- 
scopic examination there was diffuse interstitial 
hemorrhage and edema. The veins and capil- 
laries were congested while the arteries were 
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inconspicuous. There was hemorrhage be- 
tween muscle fibers and many of the fibers 
were fragmented and degenerating (Fig. 3). 
Meny other muscle fibers appeared normal. 
Po.tmortem angiographic studies were car- 
rie. | out in these animals and will be described 
fu ‘her on. The cause of death would ap- 
pc r to be shock due to loss of circulating 
| od into the tissues of the extremity. 
no the group of 35 dogs which survived 
‘e was a high incidence of thrombosis at 
site of anastomosis. Thrombosis occurred 
», or 46 per cent, of the 13 surviving dogs 
ich were heparinized and in 15, or 68 per 

t, of the surviving dogs which were not 
) parinized. The total incidence of thrombo- 

'. was 60 per cent. A high incidence of 
h:ombosis after end-to-end femoral arterio- 
«nous anastomosis has been reported by 

ier investigators (23, 14) and is due to a 

‘ombination of factors. There is stasis of 
ood at the site of anastomosis during the 
utly period after operation when the valves 
prevent centrifugal flow of blood in the 
femoral vein. The diameter of the femoral 
vein is as much as twice the diameter of the 
femoral artery and slight puckering of the 
vein about its circumference results from 
anastomosis of these two structures of unequal 
diameter. In addition, the discrepancy be- 
tween the thickness of the arterial wall and 
that of the vein makes anastomosis more 
difficult technically. The factor of stasis plus 
the eddy currents set up by flow from the 
artery into the slightly puckered, wider vein 
produces a situation highly favorable to 
thrombosis. Thrombosis usually developed 
early and was not found to occur later than 10 
days after operation. When the anastomosis 
became completely obliterated the edema dis- 
appeared and the dogs rapidly regained nor- 
mal function of the limb. 

In the absence of thrombosis the extremity 
became two to three times larger than normal 
within 48 to 72 hours, and then the edema 
began to subside. Initially the dogs were un- 
able to bear weight on the limb, but after 
several days walked with a characteristic 
plantar flexion deformity of the paw. The skin 
temperature of the extremity fell below that 
of the normal side immediately after opera- 
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Fig. 2. a, Diagrammatic representation of double femoral 
arteriovenous anastomosis combined with transection re- 
implantation of the thigh. Arrows indicate the direction of 
blood flow according to the theory of Carrel and Guthrie. 
b, Diagrammatic representation of proximal artery-distal 
vein anastomosis, the long saphenous vein intact, com- 
bined with transection reimplantation of the thigh. Arrows 
indicate the direction of blood flow according to the theory 
suggested by Wieting and Johnston. 


tion. During the next 3 to 4 days the tem- 
perature of the distal half of the limb gradu- 
ally became equal to that of the normal side 
and the thigh became slightly warmer than 
the normal side. There was loss of tissue from 
the extremity in 17 dogs or 48.6 per cent. Ten 
dogs developed circumscribed ulceration of 
the skin on the paw or leg. Four dogs had 
gangrene of one or more toes and in 1 there 
was spontaneous amputation of the paw. Two 
dogs developed gangrene of the leg and the 
skin of the entire extremity distal to the 
anastomosis sloughed in 1 dog. The latter 3 
dogs all developed early uncontrollable cellu- 
litis of the thigh and it is probable that this 
severe infection contributed greatly to the 
development of gangrene. 

The late effects of end-to-end femoral arteri- 
ovenous anastomosis without transection revm- 
plantation. In the fourth week after operation 
the edema had diminished markedly but it 
never completely disappeared. Skin ulcers had 
healed and function of the limb had returned 
to normal. After 4 to 5 days, as the edema 
began to subside, there was a palpable thrill 
over the entire medial aspect of the thigh. 
On auscultation a continuous bruit with 
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Fig. 3. Photomicrograph demonstrating diffuse inter- 
stitial hemorrhage, edema, fragmentation of some muscle 
fibers, with loss of nuclei and degeneration of other muscle 
fibers. 


systolic accentuation could be heard over the 
anastomosis. The superficial veins of the 
thigh and lower abdomen on the side of opera- 
tion became dilated and tortuous (Fig. 4). 
Venous pressure in the dorsal metatarsal vein, 
which is the major vein draining the paw, was 
two to four times higher on the side of operation 
than on the normal side. The bradycardiac 
reflex, which is considered to be characteristic 
of arteriovenous fistula (10), was demonstra- 
ble after end-to-end femoral arteriovenous 
anastomosis. Temporary obliteration of the 
anastomosis by digital pressure brought about 
a rise in blood pressure and a fall in the pulse 
rate. The rise in blood pressure is due to the 
removal of an area of decreased resistance in 
the peripheral circulation. This stimulates 
the pressoreceptors in the arch of the aorta 
and the carotid sinus which bring about a 
slowing of the heart rate via the vagus nerves. 
Dogs sacrificed several weeks after operation 
were found to have localized areas of fibrotic 
tissue in the muscles distal to the site of 
anastomosis. In addition there were areas of 
necrotic and degenerating muscle fibers adja- 
cent to the fibrosis. It would appear that the 
fibrosis was the end result of hemorrhage into 
muscle while the necrotic areas were the result 
of ischemic infarction of muscle which oc- 
curred at a later period. 

Angiograms in living dogs, in those which 
were sacrificed at intervals up to 6 months 
after operation, and in the dogs which died 
after operation were all similar. When retro- 


grade injection of fluid into the femoral vein 
of the normal lower extremity was attempted, 
the injected fluid could not be forced beyond 
the first valve. The resistance of the valve 
was not overcome by the maximal pressure 
which could be applied with a 10 cubic 
centimeter syringe. However, as early as 12 
hours after arteriovenous anastomosis there 
was little resistance to retrograde injection of 
the femoral vein. When radio-opaque fluid 
was injected into the femoral artery just prox- 
imal to the anastomosis of proximal artery to 
distal vein, the femoral, popliteal, tibial, and 
short saphenous veins were outlined. Injected 
material was seen to pass through branches of 
these veins and flow centripetally through 
numerous collateral veins in the leg and thigh 
to terminate in the iliac vein and inferior vena 
cava (Fig. 5). The distal extent of the in- 
jected opaque fluid varied from the middle 
third of the leg to the ankle. In no instance 
were the vessels of the paw outlined. These 
results would seem to indicate that in the dog, 
blood shunted from the femoral artery into 
the femoral vein in a centrifugal direction 
flows in the veins toward the periphery but 
returns to the heart through collateral veins 
without reaching the most distal part of the 
extremity. This was further demonstrated by 
analysis of the oxygen content of blood in the 
distal veins. Oxygen content of blood in the 
dorsal metatarsal vein at the ankle was de- 
termined by the Van Slyke method in 3 dogs 
from 2 to 5 months after operation. In none 
of these was the oxygen content on the side of 
operation higher than on the normal side and 
in 2 of the 3 dogs it was somewhat lower on 
the side of operation. The finding of slightly 
lower oxygen content of blood and increased 
pressure in the distal veins on the side of 
operation together with persistent edema are 
indicative of venous stasis in the limb. When 
radio-opaque material was injected at the 
trifurcation of the aorta a roentgenographic 
picture similar to that described was ob- 
tained, but in addition opaque fluid flowed 
through branches of the iliac and hypogastric - 
arteries to the entire extremity including the 
paw. 

The effects of end-to-end femoral arteriovenous 
anastomosis combined with transection reim- 
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pl-ntation of the thigh. After transection 
- mplantation of the thigh leaving the proxi- 
) | artery—distal vein for inflow of blood and 
distal artery—proximal vein for possible 
flow of blood from the extremity, the en- 
limb gradually became greatly distended. 
3 of the dogs in which this procedure was 
ried out died within 18 hours. Postmortem 
lings corresponded to those in the dogs 
ich died after anastomosis without transec- 
n, but were more marked. Similar results 
re obtained in 2 of 3 dogs in which tran- 
tion reimplantation was combined with 
yximal artery—distal vein anastomosis for 
low of blood, with the long saphenous vein 
t for possible outflow from the extremity. 
the third dog, transection reimplantation 
is carried out 3 months after the anastomosis 
id been established. Gangrene of the entire 
mb was evident after 2 days and the animal 
is sacrificed. The findings at postmortem 
amination were similar to those previously 
scribed. 
DISCUSSION 
Experimental results. ‘The operation of so- 
called “reversal of the circulation”’ by anasto- 
mosis of the proximal cut end of the femoral 
artery to the distal cut end of the femoral vein 
has been subjected in these experiments to a 
critical evaluation of its efficacy in delivering 
blood to the distal extremity. The evidence 
from these experiments performed in dogs 
seems to show conclusively that reversal of 
the circulation does not occur when arterial 
blood is shunted down a companion vein. 
Moreover, such a drastic shunt of arterial 
blood into a major vein by end-to-end anasto- 
mosis actually deprives the distal tissues of 
blood. This is substantiated by the finding of 
a loss of some part of the extremity in a high 
percentage of the animals surviving the pro- 
cedure and by the roentgenographic demon- 
stration that the shunted blood is quickly re- 
turned to the heart through venous anasto- 
motic channels. While it is true that throm- 
bosis of the arteriovenous anastomosis oc- 
curred in 60 per cent of the animals, this factor 
is not an important one in producing the in- 
sufficient blood supply since it amounts to 
simple ligation of the femoral vessels which 
may be done with impunity in the dog. The 


Fig. 4. Photograph demonstrating dilatation and tor- 
tuosity of superficial veins on the medial aspect of the thigh 
2 months after end-to-end femoral arteriovenous anasto- 
mosis. 


additional effects, rather, of interstitial hemor- 
rhage and edema of the tissues below the 
shunt results in a situation highly prejudicial 
to adequate circulation in the following man- 
ner. 

In the normal circulation the high pres- 
sure of the larger arteries is greatly diminished 
in the contractile arterioles and blood is de- 
livered to the capillaries under relatively low 
pressure (4). When blood is shunted into the 
veins in a centrifugal direction under arterial 
pressure the valves are soon forced. The thin- 
walled veins and venules dilate under the high 
pressure to which they are subjected and 
blood is delivered to the capillaries under pres- 
sure which is relatively high. Extravasation 
of blood through the walls of either the venules 
or the capillaries results. From the micro- 
scopic demonstration of diffuse extravasation 
of red cells it would appear that hemorrhage 
had occurred through the capillary wall rather 
than by rupture of the venules since it was not 
found to be more prominent in the vicinity of 
very small veins. In time the venous collateral 
bed develops and carries the shunted blood 
back toward the heart in the direction of least 
resistance. The eventual effect of end-to-end 
femoral arteriovenous anastomosis is striking- 
ly similar to that of the conventional side-to- 
side arteriovenous fistula in which arterial 
blood is quickly shunted back toward the 
heart by the proximal limb of the femoral vein 
and by a tremendous development of collateral 





SURGERY, GYNECOLOGY AND OBSTETRICS 


a 

Fig. 5. a, Angiogram in living animal 5 months after 
end-to-end femoral arteriovenous anastomosis. Twenty 
cubic centimeters of 35 per cent diodrast have been in- 
jected into the femoral artery just proximal to the anasto- 
mosis of proximal artery and distal vein. Opaque fluid 
flows through the dilated femoral, popliteal, and short 
saphenous veins as far as the midportion of the leg, but 
returns centripetally through collateral veins in the thigh 
and leg rather than toward the distal part of the extremity. 
b, Postmortem angiogram, 2 months after end-to-end 


veins at the level of the shunt. The thrill and 
bruit, dilatation and tortuosity of superficial 
veins in the thigh, persistent edema of the 
limb, increased venous pressure in the distal 
veins, frequent loss of tissue from the limb, 
the skin temperature changes, and the brady- 
cardia reflex, which have been demonstrated 
after end-to-end femoral arteriovenous anasto- 
mosis in these experiments have all been 
shown by Holman to occur after side-to-side 
femoral arteriovenous anastomosis in the dog. 
In addition the angiographic findings in these 
experiments are similar to those found in 
arteriovenous fistula. It is well known that a 
conventional arteriovenous fistula does not 
effect an increased blood supply distally. 
Overgrowth of the long bones in an extremity, 
which occurs when an arteriovenous fistula is 
present prior to closure of the epiphyses (14) 
is due to the increased amount of blood which 
flows through the epiphyses via the nutrient 
artery of the long bones. In the presence of an 
arteriovenous fistula the nutrient artery is one 
of the channels which undergoes hypertrophy 
in order to bring collateral arterial circulation 
to the distal portion of the extremity. Also 


b 


femoral arteriovenous anastomosis. Fifty cubic centimeters 
of Hill’s medium have been injected as in Figure 5a. Anasto- 
mosis has been made distal to the termination of the 
saphenous vein. Note that opaque substance flows distally 
in the short saphenous vein, through communicating 
branches, then proximally in the long saphenous vein to the 
femoral vein above the site of anastomosis. In addition, 
numerous collateral veins in the thigh are seen to drain 
the opaque media centripetally to the iliac vein and inferior 
vena cava. 


the apparent hypertrophy of the soft tissues 
of a limb in the presence of an arteriovenous 
fistula is not a true hypertrophy but is due 
rather to edema since the enlargement disap- 
pears promptly when the fistula is excised (10). 
In fact the blood supply is diminished periph- 
eral to any type of arteriovenous communica- 
tion. After creation of a side-to-side femoral 
arteriovenous fistula, with ligation of the 
proximal limb of the femoral vein, as advo- 
cated by Wieting and more recently by John- 
ston (13), there is no reason to expect, in the 
light of the findings reported here, that the 
shunted blood will not be simply returned 
toward the heart through collateral veins. 
When the distal cut end of the femoral artery 
is anastomosed to the proximal cut end of the 
femoral vein in addition to proximal artery- 
distal vein anastomosis, the limb will be 
further deprived of blood, since blood reach- 
ing the distal femoral artery through collateral 
arterial channels will be shunted back toward 
the heart through the femoral vein above the 
anastomosis. 

In the experiments in which end-to-end 
arteriovenous anastomosis of the femoral ves- 
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sels was combined with transection reim- 
plantation of the thigh, the stage was set to 
tes’ whether or not reversal of the circulation 
is ossible. All of the arterial blood supply of 
th: distal part of the extremity had to reach it 
vi: the arteriovenous communication, and the 
sh. t-circuiting effect of the collateral veins 
w: - removed, since both the collateral arteries 
ar | veins were destroyed by transecting the 
m scular tissues of the thigh. Provision was 
m de for return of blood to the heart either 
leaving a major vein intact or by anastom- 
of the distal cut end of the femoral artery 
the proximal cut end of the femoral vein. 
each of these transections with arteriove- 
s anastomosis experiments there was a 
id, progressive development of interstitial 
norrhage and edema below the level of the 
ration. Blood was delivered to the ex- 
mity, but rather than flow through the 
illaries it passed through their walls into 
tissues. Death from shock as a result of 
; of circulating blood volume resulted with- 
in 18 hours in 5 of the 6 animals in which 
the combined procedure was carried out. Even 
when arteriovenous anastomosis was _per- 
formed 3 months before transection of the 
thigh, gangrene followed severance of the col- 
lateral arterial blood supply. 

[t seems quite evident from these latter 
experiments that life cannot be sustained in 
the extremity when arterial blood must reach 
it via the veins alone. It is the collateral 
arterial circulation both in the experimental 
animal and in the human subject that main- 
tains the viability of the leg distal to an arte- 
riovenous fistula. 

Clinical considerations. The application of 
arteriovenous communications to the problem 
of improving the blood supply to the extrem- 
ity is an attractive idea but in our opinion 
does not have sufficient merit to recommend 
its use, as judged by these objective experi- 
ments. The question may be asked whether 
in human subjects whose main arterial tree 
has been obliterated by degenerative disease 
the situation may be quite different from 
these acute experiments in animals. It seems 
to us, however, that any arteriovenous shunt 
which jeopardizes the existing blood supply 
to a critical leg cannot be justified in the light 
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of our findings. The venous system will not 
function adequately in the reverse direction. 
If an ischemic leg survives after such a pro- 
cedure it does so in spite of it and must have 
a rather good collateral arterial supply. Ar- 
teriovenous communications in valveless ve- 
nous systems do not present all of the same 
problems and these remarks do not pertain to 
them. It is also true that arteriovenous com- 
munications constructed by bringing ‘‘new 
blood” from arteries not concerned in the 
blood supply of the organ under scrutiny 
have a different aspect than do arteriovenous 
communications between vessels normally 
supplying the part. It is to be noted that 
Beck and his co-workers (15) found that a 
shunt from the aorta into the side of the coro- 
nary sinus combined with ligation of the os- 
tium of the coronary sinus produced bloody 
engorgement of the heart muscle both in ex- 
perimental animals and in human subjects. 
This engorgement did not occur when the 
coronary sinus ostium was only partially oc- 
cluded. As Beck has noted, this raises the 
question of whether a simple arteriovenous 
fistula is produced. The dangerous aspect of 
arteriovenous communications is apparent in 
the large amount of blood which is suddenly 
directed into the capillary bed thereby caus- 
ing interstitial hemorrhage and edema, de- 
stroying tissue and impeding the existing col- 
lateral arterial supply. 


SUMMARY 


A critical evaluation of the concept of 
“reversal of the circulation” as a means of 
revascularizing ischemic extremities has been 
attempted in these experiments. The basis of 
this concept has been the possibility that 
blood from the femoral artery shunted into the 
femoral vein in a centrifugal direction might 
overcome the resistance of the venous valves, 
reach the capillaries in the distal part of the 
extremity, and return to the heart via other 
veins or arteries. Favorable reports have been 
published recently concerning the efficacy 
of femoral arteriovenous anastomosis as a 
means of revascularizing ischemic extremities, 
and the theory has been applied to revascu- 
larization of other organs as well. The chief 
controversial points with regard to reversal 
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of the circulation have been whether the 
valves will prevent centrifugal flow in the 
veins, whether the shunted blood will be 
short-circuited back toward the heart through 
collateral veins, and whether blood can pass 
through the capillaries in a reverse direction. 
In the experiments reported herein the latter 
two points proved to be the important ones. 

The initial effects of anastomosis of the 
proximal cut end of the femoral artery to the 
distal cut end of the femoral vein, with or 
without anastomosis of the distal cut end of 
the femoral artery to the proximal cut end of 
the femoral vein, were found to be diffuse 
interstitial hemorrhage, edema, and destruc- 
tion of tissues distal to the anastomosis. 
Blood under high pressure flowing centrifu- 
gally in the veins ruptures the walls of the 
capillaries. 

However, the collateral venous bed soon 
develops and the shunted blood is quickly 
carried back toward the heart through col- 
lateral veins close to the site of anastomosis, 
rather than flowing distally against the greater 
resistance offered by the capillaries. The 
eventual effect, then, of end-to-end femoral 
arteriovenous anastomosis differs little from 
the conventional arteriovenous fistula. 

When the collateral arterial supply of the 
limb and the short-circuiting collateral veins 
were destroyed by transection of the soft tis- 
sues of the thigh with anatomic reimplanta- 
tion, the circulation of the limb could not be 
maintained by proximal artery—distal vein 
anastomosis for inflow of blood, leaving either 
a large vein or the distal artery-proximal vein 
for possible outflow. 

It appears justified to conclude from these 
experiments that reversal of the circulation in 
an extremity is not possible. The procedure of 
femoral. arteriovenous anastomosis is dele- 
terious and should not be applied to ischemic 
extremities for these already critical limbs will 
thereby be further deprived of blood supply. 
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STJDIES ON THE BONE MARROW CAVITY OF THE DOG: 
FAT EMBOLISM AND MARROW PRESSURE 


ERNEST D. BLOOMENTHAL, M.D., F.A.C.S., WILLIAM H. OLSON, M.D., and 
H. NECHELES, M.D., Ph.D., Chicago, Illinois 


al Beow study was undertaken in order 
? to explore the physiology of the mar- 
i row cavity of long bones, particu- 
larly in regard to its properties as a 
in the vascular system. We were unable 
nd records of the blood pressure of the 
row cavity in the literature. Our experi- 
tal setup gave us the possibility to study 
possible origin of fat embolism. 
he anatomy and histology of the bone 
row have been thoroughly studied and 
ionstrated by a number of investigators. 
‘r used injection of a mercury-turpentine 
sion and roentgenograms to demonstrate 

« vasculature of long bones. This method 

quired fresh specimens, otherwise the small- 

arteries could not be injected. 

Lexer demonstrated three vascular areas 
in the large bones, connected with each other 
by anastomoses. All arteries originated from 
the femoral artery and the veins drained into 
the femoral vein. The diaphyseal vessels con- 
sisted of both arteries and veins in the femur, 
but of arteries only in other long bones. 
These vessels entered the bone through the 
metaphyses. In all long bones of both new- 
born and adults, there were two branches of 
the nutrient artery, one ascending and one 
descending the shaft. These were similar in 
diameter and arborization, and branches 
stemmed off tree-like at an acute angle. They 
rarely reached the epiphyseal area and then 
only with a few branches. In the metaphyses 
numerous arteries and veins coursed through 
the cortical canals, supplying that part which 
the nutrient artery did not supply. These ves- 
sels had tree-like branchings to the metaphysis 
and often through it. The third set of vessels 
supplying the bone consisted of the epiphyseal 
vessels which entered the bone near the cap- 
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sule of the joint and ran straight into the bone. 
A few of these ran up and down in the marrow 
cavity. 

With aging, these three vascular districts 
were found to become more confluent and 
only a few end arteries persisted. The bone 
capillaries were rather wide (25 micra), wider 
than some of the smallest arteries (6 micra). 

Schaffer, in a microscopic study, described 
the bone marrow as penetrating into the wider 
haversian canals and spaces. The marrow 
throughout the medullary canal consisted of 
a delicate fibrous structure containing branch- 
ing fibrous tissue cells. Branches of these 
cells formed the wall of the marrow cavity 
(endosteum) and also formed thin sheaths 
around the larger blood vessels which trav- 
ersed the marrow. On section, this tissue 
gave the impression of a reticulum, but with 
Golgi stain it was apparent that the entire 
cellular hematogenic content of the marrow 
was held within this network of fibrous tissue 
and blood vessels. 

The main arteries supplying the marrow 
entered through the nutritional foramina and 
ran axially, giving off smaller branches which 
terminated in capillaries. These capillaries 
entered into wide sinusoidal veins, which 
had neither musculature nor valves and were 
so thin-walled that on section they were seen 
only in profile and not in plane. Therefore, 
the sinusoids have been described as spaces 
and not as veins. 

The red marrow of the adult contained 
varying numbers of fat cells. The yellow mar- 
row consisted mostly of large fat cells, formed 
evidently from reticulum cells loaded with 
fat. When atrophy occurred in these fat cells, 
the yellow marrow changed into gelatinous 
marrow and a serous fluid filled the spaces 
between the cells of the fibrous tissue. 

Ottolenghi, quoted from Drinker and asso- 
ciates (5), made a thorough histological study 
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of the nerves to the marrow in various animals, 
including man and dog. He demonstrated 
that the marrow is richly supplied with both 
medullated and nonmedullated fibers. which 
form fine plexuses in the walls of the vessels 
and even ramify to the capillaries. The exist- 
ence of myelinated fibers in this region and 
the conclusion that they must be afferent sug- 
gested the possibility of reflexes from the mar- 
row. Drinker and associates (4, 5, 6) proved 
the existence of vasomotor nerves to the mar- 
row by perfusing Ringer’s solution through 
the nutrient artery in the isolated tibia or 
femur of the dog and observing the rate of 
flow through the nutrient vein. By constant 
perfusion pressure, variations in the outflow 
demonstrated a change in the caliber of the 
intramedullary vessels. Vasomotor effects 
were demonstrated with electric stimulation 
of sympathetic nerves to the bone and with 
injection of epinephrine into the perfusing so- 
lution, both of which caused vasoconstriction. 
However, hirudin was used as anticoagulant, 
and the toxicity of this substance may have 
affected the results. 

Drinker and associates (4) described the 
blood vessels which in early life minister to 
bone growth and to blood cell formation as 
concerned in later life largely with the latter 
only. In the femur of a young animal there 
may be little or no intraosteal connection be- 
tween the epiphyseal and diaphyseal vessels. 
When, in the adult animal the cartilaginous 
plates separating the epiphyses from the 
diaphyses have been absorbed, there is a 
variable degree of anastomosis between the 
diaphyseal and epiphyseal vessels, and the 
latter may be considered as directly in series 
with the nutrient artery and concerned with 
the vascularization of the blood forming 
marrow. 

Venous blood leaves the femur through the 
periosteal veins, through larger veins passing 
out from the extremities of the bone and 
through the pair of nutrient veins. 

Drinker and associates (6) in additional 
perfusion experiments demonstrated wide 
venous capillaries and quoted Doan, who 
described short arterial capillaries and wider 
venous capillaries as the most important 
vascular elements in the marrow. These were 
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actual vessels, as no extravasation was noted 
in perfusion experiments. Arteriovenous anas- 
tomoses in the marrow cavity were described, 

From a physiological point of view the 
marrow is occupied by: the marrow frame- 
work; an extremely delicate reticulum; fat 
cells; nerve fibers; developing and adult blood 
cells; blood vessels and circulating blood; and 
intercellular fluid. All of these are incom- 
pressible and, except for the blood cells and 
fluid, immovable. Some of the interstitial 
fluid probably is able to pass out along the 
sheaths of blood vessels (3). 

The femurs of 3 dogs, sacrificed after acute 
experiments, were dissected and the vascula- 
ture found to consist of three sets, the dia- 
physeal, nutrient, and metaphyseal vessels, 
which were terminal branches of the femoral 
artery and which drained into the femoral 
vein. The marrow was thickest and the cor- 
tex of the bone thinnest toward the center of 
the shaft (5). 

Many investigators have described the ve- 
nous drainage of the bone marrow. Benda 
and associates and Berthelet injected radio- 
opaque substances into the bone marrow of 
animals and humans and demonstrated their 
rapid entry into the venous circulation. They 
also demonstrated the intramedullary vas- 
cular network with x-ray studies. Tocantins 
and his group have developed the administra- 
tion of infusions and of blood via the marrow, 
and Josefson had injected liver extracts in 
this manner. Macht studied the effects of 
drugs instilled into the tibia or femur of dogs 
and demonstrated prompt general effects. The 
effects of administration of water soluble sub- 
stances via the marrow cavity are comparable 
to those of intravenous infusion. When oily 
substances are injected into the marrow cav- 
ity, their effect is prolonged and pulmonary 
and systemic embolisms may result. Fatal 
pulmonary embolism from fatty substances 
injected through the marrow cavity or in- 
travenously has been demonstrated by many 
investigators. 

In the present study experiments were per- 
formed to explore the venous drainage of the 
bone marrow cavity and to study the reaction 
of the pressure in the cavity to various pro- 
cedures and drugs. 
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Fig. 1. 


i)ogs were anesthetized with intravenous 
sodium pentobarbital, and one carotid artery 
was cannulated and connected to a mercury 
manometer for blood pressure recording. A 
cannula was screwed into a hole which had 
been drilled in the exposed right middle 
femur. Blood and bone marrow discharged 
from the cannula. An air pressure pump was 
then connected to the cannula and 5 pounds 
of air pressure administered for 1 second. The 
blood pressure dropped to zero and the dog 
died almost immediately. At postmortem, all 
arteries and veins were found to contain air. 
The lungs appeared normal. Both the right 
and left auricles and ventricles were fibril- 
lating and were distended with air and frothy 
blood. The ventricles still had a normal beat. 
In similar experiments an attempt was made 
to treat air embolism by passing a catheter 
into the right heart through the right ex- 
ternal jugular vein. Air and frothy blood was 
aspirated in quantities, and 1 dog survived 
what appeared to be a fatal air embolism. 

In another experiment with a dog similarly 
anesthetized, 150 cubic centimeters of air were 


Fig. 2. 


injected through a No. 8 French catheter, 
which had been passed through the right ex- 
ternal jugular vein into the heart. The dog 
died immediately. Heart, arteries, and veins 
were full of frothy blood and air when ex- 
amined at postmortem. This result was simi- 
lar to the experiment when air was introduced 
via the bone marrow. 

The pathway of substances injected via 
the intramedullary canal of the femur was 
visualized. Six dogs were anesthetized and 
cannulas inserted into their right femurs. 
Iodochlorol or diodrast were injected in quan- 
tities of 30 to 60 cubic centimeters by a Luer 
type syringe or by a pressure pump. 

Figures 1 and 2 demonstrate the pathway 
of the radio-opaque substances through the 
femoral vein, vena cava, heart, and lungs. 
These injections caused fatal pulmonary em- 
bolism when injected under pressure but it 
was not as acute and rapid as embolism caused 
by air. X-ray films were taken immediately 
after injection. This appears to be an ob- 
jective demonstration of the pathway of fat 
embolus to the pulmonary system. 
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Fat embolism has also been reported as 
due to trauma not involving the bone. An 
effort was made to reproduce this occurrence 
experimentally by stripping the femoral veins 
of 2 anesthetized dogs, pouring 10 cubic centi- 
meters of iodochlorol over the bared veins, 
and then closing the wound and suturing the 
skin firmly. Successive blunt traumatic blows 
were administered to the area. Subsequent 
roentgenographic studies revealed no entrance 
of oil into the veins. In another experiment, 
the femur of an anesthetized dog was frac- 
tured by blunt trauma, 15 cubic centimeters 
of iodochlorol were injected in the vicinity 
of the fracture, and the area was subjected 
to blunt trauma. Subsequent roentgenograms 
failed to reveal the presence of the radio- 
opaque oil in the venous system. 

It was apparent from these experiments 
that another mechanism besides mere physi- 
cal pressure is necessary to force fat or oil 
into veins; and particularly into the veins 
which are fixed in the wall of a fractured bone. 

An experimental method was planned to 
record the blood pressure within the medullary 
canal of the dog’s femur in conjunction with 
the systemic arterial blood pressure, the ve- 
nous blood pressure, and respiration. 

Figure 3 is a schematic drawing of the ex- 
perimental setup. Sodium pentobarbital was 
administered intravenously for anesthesia. A 
cannula was inserted in the left common 
carotid artery, a glass tube was introduced 





Pleural Cannula 


to Med. Canal 


into the right ventricle through the right ex. 
ternal jugular vein, a cannula was anchored 
airtight in the right pleural cavity, and the 
medullary canal of the right femur at the 
middle of the bony shaft was cannulated. The 
cannulas from the heart, the artery, and the 
bone cavity were connected to manometers, 
the connecting tubes containing normal saline 
solution; heparin was injected at the animal 
end of the circuits to prevent clotting. Blood 
pressure was measured in millimeters of mer- 
cury and venous pressure in centimeters of 
water. Bone marrow pressure was measured 
in millimeters of mercury or water. 

It was necessary to administer heparin in- 
travenously before the bone cannula was in- 
serted, in order to prevent clotting in the 
cannula. Smaller doses of heparin were in- 
jected every half hour in order to prevent 
clotting in the recording circuits. 

A special cannula was devised for the 
medullary canal of the femur. A trocar was 
made with a diameter of 0.5 centimeter. After 
a small incision had been made to expose the 
periosteum of the middle of the femur shaft, 
this trocar was placed in close apposition to 
the bone and a drill was introduced which 
fitted the aperture of the trocar quite snugly. 
The drill was manipulated carefully until the 
anterior surface of the femur was opened as 
manifested by the feel and by a free flow of 
blood when the drill was withdrawn. A sec- 
ond, smaller trocar with the same caliber as 
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drill was fitted into the first trocar. The 
«ond trocar had a sharp, cutting edge and 
‘6 inch longer than the first trocar. 
'on it was carefully tapped into place, it 
ected snugly into the medullary canal. A 
ver tube was fitted over its external open- 
to connect it to the recording circuit. 
he cannula for the pleural cavity had a 
ze at its end which, after insertion in an 
rcostal space, was turned and fastened 
nst the ribs with an external screw, so as 
naintain an airtight opening. 
cannula was inserted into the left brachial 
. and connected to an elevated flask of 
1e for the administration of drugs and 
ls. Every effort was made to effect com- 
‘e hemostasis, as cut surfaces in the hepa- 
zed dog bled freely. In spite of this, a 
animals went into shock due to hemor- 
|.ige after the preparation had been func- 
ti ning for over 1 hour, and the experiments 
hl to be discarded. In a few instances no 
re-ults were obtained because of clotting in 
the bone marrow circuit or because the trocar 
introduced to the medullary canal projected 
too far and became obstructed. 
\‘orty-eight male and female mongrel dogs 
were used, from ro to 18 kilograms in weight. 
They had received routine laboratory diets. 


RESULTS 


In all experiments recordings were made 
until the different systems had attained stable 
values. The average blood pressure of the 
dogs used was 130 millimeters of mercury, 
varying from 105 to 180 millimeters. The 
average venous pressure was —5 millimeters 
of water, varying from —8 to +12. The 
average pressure in the intramedullary canal 
of the femur was 50 millimeters of mercury, 
varying from 20 to 115. 

The pressure in the cavity of the femur and 
the carotid blood pressure were recorded with 
a Hamilton capsule manometer and the result 
is presented in Figure 4. The pressure in the 
bone cavity showed an arterial pressure pulse, 
and it was interpreted by Drs. L. N. Katz 
and S. Rodbard as a fusion of arterial and 
venous pressures. The marrow pressure also 
showed slow rhythmic variations in a number 
of experiments, independent of respiration 
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and of arterial or venous pressures or pulses 
(Figs. 5 to 9). 

The following vasopressor drugs were in- 
jected intravenously: adrenalin 0.1 cubic 
centimeter of a 1:1000 commercial solution 
(22 times), neosynephrine hydrochloride 0.5 
milligram (2 times), benzedrine sulfate 2 mil- 
ligrams (18 times), synephrin 1 milligram 
(once), tyramine 1 milligram (once), privine 
1 milligram (once), and pituitrin surgical 1 
cubic centimeter (once). The typical response 
to adrenalin is demonstrated in Figure 5. 
Arterial pressure rose steeply and dropped 
fairly rapidly below the control level, to re- 
turn within 1 to 2 minutes to the control 
level. Venous pressure rose steeply, but re- 
turned more slowly to its control level than 
did arterial pressure. Bone marrow pressure 
dropped slowly and considerably and returned 
to control level as the venous pressure 
dropped, but a considerable period of time 
after the arterial pressure had returned to con- 
trol level. In a number of experiments, it re- 
turned to a level slightly above control values. 
Respiration showed typical adrenalin inhi- 
bition. The responses to the other vasopressor 
drugs employed, except benzedrine, were simi- 
lar to that of adrenalin, but they were of a 
lesser degree. 

A typical response to benzedrine is shown 
in Figure 6. Arterial and venous pressures 
rose and dropped nearly simultaneously. 
However, bone marrow pressure rose con- 
sistently and considerably and stayed up 
longer than either arterial or venous pressures. 
Benzedrine was the only drug used, which pro- 
duced a considerable, consistent, and pro- 
longed rise in bone marrow pressure. Respira- 
tion showed a decrease in height and rate. 

Ergotamine tartrate (3 tests) produced a 
considerable rise in arterial pressure and a 
slight rise in venous pressure, both lasting 
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approximately 10 minutes. Intramedullary 
pressure was raised 20 millimeters of mercury 
for approximately 4 minutes. Nicotine (2 
tests) caused a sharp rise and subsequent fall 
in all three pressure systems (arterial, mar- 
row, and venous) which reaction was moder- 
ately prolonged. 

The following vasodepressor drugs were 
employed: acetylcholine iodide, 40 gammas 
to 2 milligrams intravenously (3 tests), sodium 
nitrate 5 to 30 milligrams intravenously (3 
tests), and histamine acid phosphate 1 milli- 
gram intravenously (4 tests). These drugs 
caused a drop in all three pressures, with 
gradual recoveries to a lower base line. They 
seemed to cause a prolonged depression of the 
marrow pressure. Sodium nitrate caused the 
longest depression, lasting over 20 minutes. 
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Typical responses are shown in Figures 7 
and 8. 

When the circulating blood volume was 
increased by an intravenous infusion of normal 
saline (5 tests) all three pressure systems 
underwent a gradual rise and then dropped 
slowly. However, they remained at a higher 
level than before the injection (Fig. 9). 

Traction on the sciatic nerve (1 test) pro- 
duced a transitory sharp rise and fall in blood 
pressure, a sharp rise and a gradual fall in 
venous pressure and a sharp fall and gradual 
return in marrow pressure. Traction on the 
femoral nerve did not result in distinct 
changes. Faradic stimulation of the femoral 
nerve with a Harvard inductorium, 5 to 10° 
volts primary, caused a sharp drop and rapid 
recovery in both arterial and venous pres- 
sures and a gradual drop and recovery in 
marrow pressure. This is shown in Figure to. 

Tourniquet pressure above venous pres- 
sure around the thigh proximal to the bone 
cannula (1 test) caused a gradual rise in bone 
cavity pressure and a fall to the previous base 
line when the tourniquet was released. Occlu- 
sion of the femoral vein (5 tests) produced no 
change in either arterial or venous pressure, 
but caused a sharp rise in marrow pressure ' 
which dropped abruptly to the previous level 
when vein occlusion was relieved. Occlusion 
of the femoral artery (1 test) produced no 
change in arterial or venous pressure, but it 
caused a sharp fall in marrow pressure which 
rose abruptly to the previous level when ar- 
terial occlusion to the artery was relieved. 
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racture of one side of the femur (1 test) 
‘a. ‘sed no immediate change in either blood 
venous pressure but did produce a slow 
rp in marrow pressure. Fracture of both 
s of the femur (1 test) caused a rapid fall 
in marrow pressure to zero. Arterial and ve- 
s pressure showed little change. 


DISCUSSION 


he physical phenomena produced experi- 
mentally are obvious. The marrow pressure 
as measured by the intramedullary cannula 
is apparently a fusion of arterial and venous 
pressures and is dependent upon the influx 
of blood from the artery and its return through 
the venous drainage. Nervous stimuli, such 
as traction on or electrical stimulation of the 
sciatic nerve, which lower systemic blood pres- 
sure also lower marrow pressure. Occlusion 
of the femoral artery lowers the intramedul- 
lary pressure of the femur, while occlusion of 
the femoral vein raises it. Fracture of the 
femur lowers marrow pressure, a small frac- 
ture causing a slow decline, while a large one 
causes a rapid fall to zero. Increase of blood 
volume causes an increase in marrow pressure, 
while a decrease in blood volume, such as oc- 
curs in shock, produces a lowering of the mar- 
row pressure. 

Adrenalin caused a rise in arterial and ve- 
nous pressures due to its prevailing vasopres- 
sor action. The fall in the marrow pressure 
may be due to dilatation of arterioles and 
capillaries in the marrow cavity, similar to 
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that caused in skeletal muscle by adrenalin. 
The vasoconstriction of the small arteries and 
arterioles may force the blood into the more 
distensible small veins and venules (sinusoids) 
of the bone cavity directly or through arterio- 
venous shunts. 

Benzedrine was the only drug which caused 
a consistent, considerable, and prolonged rise 
in all three pressures, presumably by action on 
the myocardium and by constriction of ar- 
terioles. We are unable to explain why benze- 
drine elevated marrow pressure, while most 
other pressor drugs employed lowered it. 

Nicotine caused a primary rise in all three 
pressures due toits central and peripheral vaso- 
constrictor effect and its secondary effects 
on the sympathetic ganglia and adrenal 
medulla. 
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Acetycholine produced a fall in all three 
pressures due to its cholinergic action on the 
smooth muscle cells of the blood vessels. 
Sodium nitrate caused a drop in all three pres- 
sures by relaxing the smooth muscle of the 
finer blood vessels, particularly those of the 
postarteriolar bed. Histamine also caused a 
drop in all three pressures by dilating capil- 
laries and arterioles and producing shock. 


CONCLUSIONS 


It is remarkable that destruction of bone, 
pounding of the limb above the fracture, and 
introduction of oil into a traumatized region 
before pounding, should not have led to fat 
embolism. Later work from our laboratory 
(10) indicates that fatty acids and soaps given 
intravenously may be much more effective 
in the production of shock and death than 
neutral fat given intravenously. We suspect 
that hydrolysis of fats in a traumatized area, 
together with subsequent emulsification of 
neutral fats and entrance of both fats and 
soaps, into the circulation may be responsible 
for the dangers of fat embolism. 

Marrow pressure seems to be a system 
which responds to pain stimuli, to nervous 
stimulation (see also 4) to reflexes, to changes 
in blood volume, and to a number of drugs. 
Whether a consistent and prolonged rise in 
marrow pressure, such as produced by benze- 
drine, can eventually lead to changes in the 
production of erythrocytes or other formed 
elements of the bone marrow is an interesting 
conjecture. Our study may contribute to a 
better understanding of the bone marrow in 
health and disease. 


SUMMARY 


The physiology of the circulation of the long 
bones is reviewed. 
Air and fat embolism was produced through 


GYNECOLOGY AND OBSTETRICS 


the dog’s femur. We were not able to produce 
fat embolism with traumatization. 

The pressure in the marrow cavity of the 
dog’s femur was recorded. Marrow pressure 
appears to be intermediate between arterial 
and venous pressure. 

The effects on marrow pressure of various 
drugs was recorded. Benzedrine was the only 
one of a group of vasopressor drugs employed, 
which produced a consistent increase in bone 
marrow pressure. Vasodepressor drugs pro- 
duced a drop in marrow pressure. Lesions of 
the bone were followed by a drop in marrow 
pressure. 
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CLINICAL STUDY OF LIGATION OF THE INFERIOR 
MESENTERIC ARTERY IN LEFT COLON RESECTIONS 


GARNET W. AULT, M.D., A. F. CASTRO, M.D., F.A.C.S., and 
ROBERT S. SMITH, M.D., Washington, District of Columbia 


’N this preliminary report, we wish to 
; present our experience with ligation of 
* the inferior mesenteric artery proximal, 
“or cephalad, to its left colic branch 
C Fig. 1) in the surgical treatment of car- 
1oma of the rectum and rectosigmoid. 
In 1950 we presented our experience with 
sasured ligations of the inferior mesenteric 
ssels in 48 patients (1). This information 
as obtained from a study of cases of colon 
id rectal cancers now in the process of 
alysis. 
Our remarks and discussion will be chiefly 
mcerned with recommending that the point 
ligation advised by Miles (5) may be moved 
‘cphalad in selected cases. If this procedure 
can be done by qualified surgeons, who are 
judicious in their selection of cases, we believe 
iaat an additional 2 inches, and sometimes 
more, of gland-bearing vascular pedicle will 
thus be removed with the specimen instead of 
being left in the patient. 


OPERATIVE TECHNIQUE 


During the operation the aortic origin of the 
inferior mesenteric artery (IMA, Fig. 1) is 
exposed by incising the peritoneum in a cepha- 
lad direction along the right leaf of the mesen- 
tery of the sigmoid colon. This exposure 
ordinarily requires opening the peritoneum as 
far as the lower border of the duodenum 
which will usually be found within 1 inch 
cephalad to the aortic origin of the artery. 

The peritoneum of the left outer leaf of the 
mesentery of the sigmoid and the parietal 
peritoneum lateral to the descending colon is 
similarly opened. This dissection may include 
release of the splenic flexure or a portion of 
the left transverse colon or both. The inferior 
mesenteric vein is usually found within 1 inch 
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to the left of the aortic origin of the artery. 
In some cases, the vein may be traced cephalad 
from 1 to 3 inches to where it turns mesialward 
to the ligament of Treitz to disappear under 
the duodenum and pancreas. The left ureter 
has been exposed and identified and the lower 
pole of the left kidney may be seen. The root 
of the mesentery containing the inferior mesen- 
teric vessels and lymphatics can thus be 
brought perpendicular to the aorta and can 
be moved either to the right or left to facilitate 
precise identification of the aortic origin of 
the inferior mesenteric artery. During this 
dissection the ovarian and spermatic vessels 
are identified and those on the left side may 
require ligation or resection of segments of 
them. This may be done to assure one of a 
dryer field, to facilitate exposure, or to remove 
a zone of lymphatic spread. The greatest 
handicaps to obtaining this exposure, in the 
order of frequency encountered are: (1) a fat 
short mesentery; (2) a mesentery “‘choked” 
and diffusely involved with metastasis; (3) 
anesthetic problem cases involving cardio- 
vascular pulmonary disease necessitating a 
short operative time; (4) low position of the 
duodenum or pancreas with crowding of the 
field. Failure to obtain adequate exposure 
renders ligation of the inferior mesenteric 
artery on the aorta most hazardous. The 
opportunity to do an adequate aortic lymph 
node dissection will usually have to be aban- 
doned under these circumstances. 

After completion of the abdominal phase of 
the dissection, the pelvic dissection is then 
carried out. A Miles type of wide pelvic 
dissection is performed following elevation of 
the rectum from the hollow of the sacrum. 
The middle hemorrhoidal vessels are sacri- 
ficed in most instances and the upper or pelvic 
surface of the levator ani is exposed. Dissec- 
tion of the viscera anterior to the rectum will 
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Fig. 1. Drawing illustrating the peritoneum opened to 
expose the aortic origin of the inferior mesenteric artery, 
IMA. Note the insert indicating the origin to be 1% inches 
cephalad to the aortic bifurcation. The duodenum is 1 
inch or less cephalad to this point. The left colic, LC, arises 
1% inches caudal to this point. 


be predicated upon whether one intends to 
remove them or leave them intact. Likewise, 
any ileopelvic node dissection will be done or 
omitted at the discretion of the operator. 

Further discussion of pelvic dissection is 
herein omitted for our report mainly concerns 
itself with eradication of the cephalad zone of 
spread. 

The inferior mesenteric artery is now identi- 
fied at its aortic origin. In most instances this 
point is 144 inches cephalad to the lower 
edge of the bifurcation of the aorta. Figure 2 
illustrates this point. 

These average measurements were originally 
reported by Goligher and have been confirmed 
by us. The vessel is clamped, cut, and tied 
under direct vision. Measurements may be 
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Fig. 2. (Redrawn from Goligher.) This drawing illus- 
trates the measured distances between the aortic origin of 
the inferior mesenteric artery and other related structures. 
The level of ligation recommended by Miles and the one 
suggested in this article are shown. The dotted line repre- 
sents the conjoint origin of LC and S$). 


taken if desired. The inferior mesenteric vein 
is identified, removed as high as possible, and 
left on the specimen. Figure 3 illustrates some 
of the points under discussion. 

With high ligation of the inferior mesenteric 
vessels and a thorough dissection of the aortic 
lymph nodes, cephalad to the duodenum and 
caudad to and including promontory and iliac 
nodes, one has removed a vascular and lym- 
phatic channel of spread in such a manner 
that 2 inches or more of gland-bearing tissue 
is removed with the specimen. 


REPORT OF CASES 


If one studies Table I it will be seen that the 
first ligation cephalad to the left colic was 
done in January 1940 and the last one was 
done in March 1951. To clarify this, we wish 
to state that after the first 3 cases were per- 
formed, further studies were held in abeyance 
during the war years. The procedure was 
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resumed in 1949 and, as all resections done in 
ant’ -ipation of cure did not lend themselves 
toi , only a small group are reported herein. 
Th decision to do either a Miles abdomino- 
per real resection or an anterior resection and 
ane tomosis was determined only after a radi- 
cal Miles type of abdominal dissection was 
car ed out. Numerous factors entered into 
thi decision, but if the bowel could be divided 
3 itimeters or more distal to growths in the 
rec »sigmoid and upper rectum it was felt that 
th: requirements for an adequate removal of 
th malignant lesion and its zone of spread 
ha been met in many instances. Thus 8 of 
th 12 cases (or 66.6 per cent) terminated as 
an -rior resections and 4 of the 12 cases (or 
33. per cent) terminated as Miles resections. 
0) ‘n anastomosis was done in 7 of the 8 cases 
of nterior resection. In Cases 1, 4, and 6 the 
fai» of the middle hemorrhoidal vessels is un- 
known for we unfortunately omitted this in- 
formation in our operative dictation. Case 9 
was a lesion of the lower third of the sigmoid. 


DISCUSSION 


We have read Miles’ original article (5) and 
have referred to his subsequent work (6, 7) to 


LIGATION OF INFERIOR MESENTERIC ARTERY 


Fig. 3. This freshly resected specimen (Case 9, low sig- 
moid carcinoma) shows the dissected branches of the in- 
ferior mesenteric artery, JM A, and superior hemorrhoidal 
artery, SHA. Note that the left colic, LC, and first sig- 
moid, S;, have a conjoint origin. Part of the inferior 
mesenteric vein coursing in the arcades has been removed— 
the portion extending cephalad is demonstrated. The 
specimen has not been opened. The malignant lesion has 
been identified on its peritoneal aspect by the arrow labelled 
lesion. 


ascertain the level of ligation recommended 
by him for the operative procedure that justi- 
fiably bears his name. We wish to quote from 
the original article (5): “The inferior mesen- 
teric artery is then ligatured below the point 
where it gives off its uppermost branch to the 
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Fig. 4. Carcinoma of the lower rectum. This drawing 
illustrates what may be considered an adequate removal of 
the cephalad zone of lymphatic spread along the inferior 
mesenteric vessels. It does not illustrate ileopelvic nodes 
or invasion of perineal structures. Involved nodes are 
black; uninvolved nodes are clear. 


pelvic colon.” This is designated in Figure 2. 
The only pertinent comment we wish to make 
regarding Miles’ original recommendation is 
to observe that in the literature and illustra- 
tions of the last two decades, the level of 
ligation recommended by Miles has been 
compromised. Our observations during clini- 
cal tours has impressed us with the fact that 
ligation “‘at,” “on,” or ‘“‘near the promontory 
of the sacrum,” or ‘‘where the vessel crosses 
the left common iliac’’ is the usual low level 
of ligation practiced by many surgeons and 
specialists. Much of this has been done 
because of an erroneous belief in the possible 
necrosis of the rectal stump and the false ap- 
plication of Sudeck’s critical point to rectal 
resections. Neither of these has any relation- 
ship to the Miles resection or to anterior re- 
section. 

These operations were performed in antici- 
pation of cure. They were not palliative re- 
sections. They were performed on the premise 


Fig. 5. Carcinoma of the upper rectum. This drawing 
illustrates what may be considered an adequate removal 
of the cephalad zone of lymphatic spread along the inferior 
mesenteric vessels. The choice between an anterior or a 
Miles resection will depend upon the lateral and retrograde 
spread which is not illustrated. 


that viable proximal bowel would be available 
for a colostomy or an anastomosis and that 
viable rectal stump would be available for 
an anastomosis. Necrosis did not occur in any 
case. 

In all cases of anterior resection, except in 
1 case of closed anastomosis, active bleeding 
occurred from the cut edge of the rectal stump. 
Capillary arterial bleeding and active spurting 
of larger vessels in the distal mesorectum tes- 
tified to the functional capabilities of the 
inferior hemorrhoidal vessels. The mesorec- 
tum required ligating in order to control this 
bleeding regardless of whether the middle 
hemorrhoidal vessels were divided or left 
intact. In all cases the descending colon or 
upper sigmoid was proved viable before it was 
used for a colostomy or an anastomosis. A 
vasa recti adjacent to the cut edge of the 
bowel, or even the marginal artery, showed 
active arterial spurting before ligation. A 
viable colostomy stoma was obtained in Cases 
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6. Carcinoma of the rectosigmoid. This drawing 
s rates what may be considered an adequate removal 

cephalad zone of lymphatic spread along the inferior 
senteric vessels. We consider an anterior resection as the 
cedure of choice in removing lesions at this level. The 
cl may be divided lower on the rectal side and higher 
the upper sigmoid side. 


2, 3, 10, and 11 and an anastomosis, without 
tension, was performed in all other cases. 


RECOMMENDATIONS 


This experience with ligation of the in- 
ferior mesenteric artery cephalad to the left 
colic is reported for we believe that the pro- 
cedure should have a greater trial by experi- 
enced surgeons and proctologists. We do not 
advise its adoption as a routine procedure nor 
its trial by inexperienced operators. To facili- 
tate the correct interpretation of our recom- 
mendations, Figures 4, 5, 6, and 7 will illus- 
trate what we consider an adequate dissection 
for removal of the cephalad zone of spread 
along the vascular and lymphatic pedicle of 
the inferior mesenteric vessels. We believe 
that attention to this zone of spread has been 
neglected and overlooked during the present 
unsettled controversy regarding retrograde 
spread. The legends accompanying Figures 
4, 5, 6, and 7 are self-explanatory. 


LIGATION OF INFERIOR MESENTERIC ARTERY 


Fig. 7. Carcinoma of the lower sigmoid. This drawing 
illustrates what may be considered an adequate removal of 
the cephalad zone of lymphatic spread along the inferior 
mesenteric vessels. The site of division of the upper sig- 
moid may be moved in a cephalad direction, as indicated 
by the arrow, so that descending colon or even left trans- 
verse colon may be brought down for an anastomosis. 


SUMMARY 

We have reported 12 cases of inferior mesen- 
teric ligation cephalad to the left colic branch 
from a study of a larger series of cases of car- 
cinoma of the rectum, rectosigmoid, and lower 
sigmoid. 

This small series illustrates that ligation of 
the inferior mesenteric artery cephalad to the 
left colic branch is a feasible procedure. 

It is evident that the functional capabilities 
of the inferior hemorrhoidal arteries, in pro- 
viding an adequate blood supply to the rectal 
stump, are greater than most surgeons have 
acknowledged. We have been interested in 
the functional capabilities of these vessels so 
we have not made any injections on cadavers 
to confirm this opinion. It is also evident that 
the functional capabilities of the marginal 
artery are greater than most investigators will 
acknowledge. We believe that it is intact 
from the cecum to the sigmoid in most in- 
stances although some mesenteric branches to 
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it may be absent or have an anomalous posi- 
tion. 

Suggestions for a more adequate removal 
of the accessible spread of malignancy in a 
cephalad direction along the inferior mesen- 
teric vascular pedicle and adjacent aorta are 
presented. 


REFERENCES 


1. AuLt, G. W., Castro, A. F., and Smita, R. S. Car- 
cinoma of the upper rectum and rectosigmoid, clinical 
report on high inferior mesenteric ligation. Postgrad. 
M., 1950, 8: 176-183. 


2. 


Gitcurist, R. K. Indications regarding operatio:s for 
cancer of the distal colon and rectum. Surgery, 1950, 
27: 787—789. 


. GOLIGHER, J.C. The blood supply of the sigmoid colon 


and rectum. Brit. J. Surg., 1949, 37: 157-161. 


. GRINNELL, R. S. Lymphatic metastasis of carcin« ma of 


the colon and rectum. Ann. Surg., 1950, 131: 494- 


506. 
. Mires, W. E. A method of performing abdo:nino- 


perineal excision for carcinoma of the rectum and ter- 
minal portion of the pelvic colon. Lancet, 1 ond,, 
1908, 2: 1812-1813. 


. Idem. Cancer of the Rectum. London: Harrison & 


Sons, 1926. 


. Idem. Rectal Surgery. London: Cassell & Co., 1939, 





‘XPLENECTOMY FOR THE FULMINATING EPISODE OF 
ESSENTIAL THROMBOCYTOPENIC PURPURA 


ALBERT P. GIANNINI, A.B., M.D., Santa Clara, California 


CUTE essential thrombocytopenic pur- 
pura (Werlhof’s disease) is a clinical 

[ entity characterized by increased 
capillary fragility, diminution of cir- 
cu’ ing thrombocytes, delayed clot retrac- 
tic hemorrhagic episodes with generalized 
pe’ chiae plus ecchymoses in the various 
tis es. The victim may die from hemorrhage 


wi in 24 hours of onset (7, 18, 26, 39, 66). 


Sp .taneous recovery from the acute fulmi- 
na ‘ig form is exceptional, and those patients 
wl recover usually go into a chronic phase 
wil: remission and relapses. There is an 
ab-.nce of factors causing secondary throm- 
bo ytopenia. 

(1 the fulminating form there may be 
ma_ked toxicity, leucocytosis, hemorrhages in 
the fundi, mucous membranes, gastrointesti- 
nal tract, genitourinary system, and central 
nervous system, and a showering of skin 
petechiae. There may be time for only 
peripheral blood and bone marrow diagnostic 
studies (19, 52). 

The cases presented herein are concerned 
with the empirical treatment of splenectomy 
for the acute fulminating episode of essential 
thrombocytopenic purpura. ‘‘Empirical”’ be- 
cause it is found that splenectomy is of benefit 
in most of these cases, although not all, and 
the reason for this benefit is not known. 


HISTORICAL 


Galen’s maxim of 150 A.D. that “the spleen 
is an organ full of mystery” still holds today. 
Werlhof is given credit for first describing 
purpura in 1735. In 1887 Denys first showed 
a reduction in the circulating platelets. Wright 
in 1910 demonstrated that the platelets arose 
from the marrow megakaryocytes (71). In 
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1912 Isaac proposed the theory of “splenic 
hormonal inhibition of the marrow.” In 1915 
Frank expanded on the work of Wright and 
suggested an increase in marrow megakaryo- 
cytes and proposed that there was a matura- 
tion defect. The following year Kaznelson 
suggested increased platelet destruction by the 
spleen, or “selective sequestration of the 
thrombocytes,” and because of his belief in 
this theory he was the first one to have a 
splenectomy performed by Shloffer of Prague 
with dramatic results. 

In 1922 Bedson showed that thrombocy- 
topenia alone would not produce purpura un- 
less followed by damage to the capillaries. 
In 1940 Elliott and Whipple suggested defec- 
tive capillaries which required excessive plate- 
lets for closure. In 1941 MacFarlane demon- 
strated sluggish contraction of the capillaries 
to injury. 

Allen and associates in 1947 suggested an 
excess of heparin-like substance (1) and Mad- 
ison in 1948 sought to prove allergy as the 
etiological basis. Of interest in regard to the 
latter is the work of Schwartz in 1945 in 
which he attached prognostic value to marrow 
eosinophile counts in thrombocytopenic pur- 
pura (57). In 1949 Stroebel and associates 
noted marrow eosinophilia of no prognostic 
significance. Also in that year, Limarzi and 
associates suggested an endocrine disturbance 
because of the higher incidence in females. 
They further suggested an unknown funda- 
mental substance associated with the reticulo- 
endothelial system having to do with the 
thrombocytopenia and disturbed function of 
the capillary wall. In 1949 Heinle and as- 
sociates favored marrow regulatory action of 
the spleen. 

Limarzi and Schleicher (33) emphasized the 
inhibitory concept of splenic action on the 
megakaryocytes of the bone marrow as did 
Dameshek and Estren (15). 








boo 


Fig. 1. Showing petec 
extremity in Case 9, B 


In 1948 Thorek suggested tissue damage as 
stimulating production of platelets. 
docrine disturbance involving parathyroid se- 
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hiae and ecchymoses of the lower 


En- 








Fig. 2. View (X50) of lymph node showing marked re- 
ticuloendothelial hyperplasia, replacing normal structure. 


cretion was suggested by Lowenburg and 
Ginsburg in 1932 (35, 36) and Battle in 1949. 
Troland and Lee in 1938 reported acetone 
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Fig. 3. Acute essential fulminating thrombocytopenic purpura; peripheral platelet 
count response to splenectomy: 9 cases. 
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Fig. 4. Type of fever found in these patients. 
































e ract from the spleens of patients with tory to peripheral platelet destruction (19). 
t' ombocytopenic purpura which depressed Schwartz described a defect in megakaryocyte 
p telets in rabbits. These findings were veri- granulopoiesis which he attributed to a de- 
fi d by several investigators (51, 63) and not ficiency in building substances rather than 
b» others (12, 53). damage by a toxin. 
Joan stated that the increase of mega- Following the success of the case of Kaznel- 
k: ryocytes in the bone marrow was compensa- son in 1916, splenectomy gradually became 
TABLE I.—SUMMARY OF CASE HISTORIES: SYMPTOMS, SIGNS 
eat ' Skin Irregular Bleedin, C eed on 
LN, : ‘ain in lesion to preop. stop) eneralize ctive 
( oe = Bleeding Clot back, needle fever before Accessory | petechiae hemorrhage 
Colon ae time retraction thighs, puncture between | thrombocyte} spleens and from or into 
’ or both as in 90°F. and | count rose ecchymoses organ 
Fig. 6 1or°F, postop. 
%, G6. KE. Normal Delayed | Low back, | Present Present Yes None Present Gingiva, nose, 
22 thighs preop. lungs, G. L., 
White, female uterus, G. U. 
tract, thorax 
2, E. P. Slightly Delayed | Both thighs | Present Present Yes None Present Nose, mouth, 
67 prolonged preop. G. U. tract 
White, male G. I. tract 
3, W. B. Normal Delayed | Back and Not noted Present Yes Yes Present Nose, 
13 thighs gingiva, 
White, male G. I. tract 
4, V.S. Normal Delayed | Not noted Not noted Present Yes None Present Gingiva, 
35 terus, 
White, female i 
3). C. Prolonged Delayed | Lumbar Not noted Present Yes Yes Present Gingiva, nose, 
24 | region and lungs, G. I. 
White, male thighs tract 
6, D.C. Prolonged Delayed | Not noted Not noted Present Yes None Present Gingiva, 
I 
White, female re 
7, M. L. Normal Delayed | Not noted | Not noted | Present No, None Present Uterus, 
a. platelets mouth, 
White, female rose first nose 
8, J. M. Prolonged | Delayed | Not noted | Not noted | Present Yes None Present Gingiva, 
49 | pharynx 
White, female 
9, B. R. Prolonged Delayed | Back Present Present Yes Yes Present Nose, G. I., 
18 preop. gingiva, G. U., 
White, female intracranial, 
retinal 
(blindness) 
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Fig. 5. Blood given during 8 days immediately before 
and after operation in 9 cases. 


established as a curative procedure, but at the 
same time it became apparent that all cases 
were not cured. In the last 4 decades, two 
main theories evolved regarding the defect in 
essential thrombocytopenic purpura. The two 
schools were that of Isaac, Frank, Englebreth- 
Holm, and Dameshek (30), and Miller (16), 
proposing the defect to be ‘‘marrow inhibition 
by hormonal regulation,” and that of Kaznel- 
son, Doan and Wiseman (30), and Wilson (8, 


22), favoring the theory of “hypersequestra- 
tion phagocytosis of the thrombocytes in the 
spleen.” 


ORIGIN AND FATE OF THE PLATELETS 


Wright’s theory of the origin of platelets 
from the megakaryocytes of the bone marrow 
(70, 71) is generally accepted today although 
there are other views; e.g., genesis from the 
cytoplasm of the leucocytes, as precipitates 
from the plasma, from fragments of degener- 
ated red cells, or from megakaryocytes found 
in the lung (8). 

In 1912 Ogata, in 1913 Downey, in 1946 De 
La Fuente, and in 1948 Schwartz gave de- 
tailed accounts of the formation of platelets 
from megakaryocytes (17, 22, 49, 54, 55). 

After formation, the platelets are emitted 
into the blood stream. They leave the blood 
to be utilized in plugging holes in capillaries 
and in the coagulation of blood (6). They are 
destroyed mainly in the reticuloendothelial 
system of the spleen, but also generally 


Fig. 6. Showing peculiar nodular clotting skin lesions 
where needle puncture took place for intravenous medica- 
tion. There appears to be an intracutaneous clot along the 
needle tract with a halo of capillary hemorrhage. These 
lesions did not form after splenectomy. Note large ecchy- 
mosis on upper arm. From Case 9, 


throughout the reticuloendothelial system of 
the body. Blood platelets collect into masses 
on roughened surfaces and foreign materials. 
They surround particles of India ink or bac- 
teria and thus serve as an aid in the body’s 
defenses. They also serve as first line of defense 
to loss of blood from the large blood vessels. 
They collect about the margins of the vascular 
wound to help close it; and by their action of 
clot consolidation and retraction, blood plate- 
lets help close the wound and form a firm 
plug (8). 

The role of the platelets in the coagulation 
of blood was recently and competently dis- 
cussed by Quick and associates (49). The 
blood platelets contain an activating enzyme, 
thromboplastinogenose, which changes the 
thromboplastinogen of the plasma to throm- 
boplastin. The thromboplastin then reacts 
with the prothrombin and calcium of the 
plasma to give thrombin, the latter reacting 
with fibrinogen of the plasma to form fibrin. 
The effects of the decreased blood platelets on 
the coagulation mechanism can be measured 
directly by the prothrombin consumption test 
of Quick (48). This test is interpreted to 
measure the lack of thromboplastin. The 
principal diseases in which the lack of throm- 
boplastin occurs are thrombocytopenia and 
hemophilia. The prothrombin consumption 
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varies inversely with the degree of thrombo- 
cy! »penia. 


S| LECTION OF PATIENTS FOR SPLENECTOMY 


is generally agreed that splenectomy 
sh ild be done preferably between episodes of 
ac’ ve bleeding (5, 30, 32, 34, 58). 
he cases presented herein were selected by 
th criteria for diagnosis of essential thrombo- 
penia purpura and also because of the fact 
their fulminating character made them 
ical emergencies. When the primary or 
itial nature of the disease has been 
blished, surgical treatment should be 
ertaken immediately, provided the pa- 
t is not in shock and it is evident that the 
iorrhage will not stop of its own accord. 
ive uncontrollable hemorrhage may make 
operation an emergency. 
Jiagnosis of essential thrombocytopenic 

‘pura can be made on the positive findings 

i skin petechiae (Fig. 1), bleeding gums, 
; staxis, hemoptysis, melena, menorrhagia, 

« peripheral blood platelet count (11, 21, 23, 

7), positive adrenalin test, prolonged bleed- 
ing time, delayed or absent clot retraction, 
decreased prothrombin consumption, increased 
capillary fragility as shown by Rumple-Leed’s 
tourniquet test or the Dalldorf suction ap- 
paratus (15, 32, 34, 58, 69), hemorrhages in the 
fundi (52), and normal marrow megakaryo- 
cyte. (The normal ratio is 580 megakaryocytes 
for every 1,000,000 nucleated red cells in the 
bone marrow, (33).) 

Negative findings which one should have in 
making the diagnosis are the following: the 
absence of other conditions causing secondary 
thrombocytopenic purpura; such as drug 
allergy, leucemia, aplastic anemia, myeloph- 
thisic anemias, lymphoblastomas, chronic in- 
toxications, metastatic carcinoma, overex- 
posure to x-ray, Hodgkin’s disease, Gaucher’s 
disease, and parenchymal disease of the liver 
(15, 16, 32, 34, 58). There should be no 
scurvy, advanced cardiac or renal disease, 
splenomegaly, and no absence of bone marrow 
megakaryocytes. Some authors place little 
significance on the marrow eosinophile counts 
(34, 58), while others state that there should 
be no elevation (57). There should be no 
acute or chronic bone marrow damage, no 
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myelofibrosis, no agnogenic myeloid meta- 
plasia of the spleen or splenomegalic state such 
as in trichinosis, filariasis, kala-azar, and dis- 
tomiasis (34), and no delay in coagulation or 
in prothrombin times. 

Table I shows in summary form important 
findings in g patients in the acute fulminating 
episode of essential thrombocytopenic pur- 
pura treated by splenectomy with recovery. 
Patient B. R. became totally blind during the 
acute attack and remained blind on date of 
discharge. 

INCIDENCE 

As near as could be ascertained from the 
literature, splenectomy for acute essential 
thrombocytopenic purpura is performed in 
approximately one-tenth of the patients with 
acute and chronic purpura operated upon (5). 
A probable representative figure is that about 
one-quarter of the cases of acute purpura can 
be classified as fulminating. The 9 cases in the 
series were taken from the 5 year period July, 
1945 to July, 1950, and represented a popula- 
tion of approximately 150,000 people. Seven of 
the 9 cases, however, occurred within the years 
1949 and 1950 and represent either better diag- 
nosis or increase in incidence. Wintrobe and asso- 
ciates showed in a series of 62 cases, some of 
which could be classified as fulminating, a ratio 
of occurrence of 4 to 3 females to males and 
an incidence of 36.2 per cent in childhood or 
adolescence. Other ratios quoted are as high 
as 2 to 1 female to male. In this series of 9 
cases 55.6 per cent are found between the 
ages of 13 and 24 years. The ratio of females 
to males is 2 to 1. Wintrobe and associates 
also show that 62 per cent of the 271 cases of 
acute and chronic purpura hemorrhagica com- 
piled appeared before the age of 21 years. Of 
the series reported here, 33.3 per cent occurred 
before the age of 21. Rosenthal reported a 
series of 153 cases inclusive of acute and 
chronic purpura in which 29 per cent occurred 
in the first decade of life. Of these 153 cases, 
13 could be classified as acute fulminating. 
Babcock states that thrombocytopenic pur- 
pura is rare after the age of 40, and is found in 
only 14 per cent of males; yet no sex, race, nor 
age is exempt. Of this series, 33.3 per cent 
occurred in patients 48 years of age or more; 


~ 
. 


and 1 of these cases, E. P., could be considered 
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rare in that it occurred in a male and at the 
age of 67. 


ANATOMY AND ANATOMIC PATHOLOGY OF THE 
SPLEEN 


The spleen is a structure having the ana- 
tomic peculiarity of being connected to the 
rest of the body mainly by its blood supply 
which is relatively great. It is a contractile 
mass of approximately 150 grams with a 
fibrous capsule and covered by peritoneal 
epithelium. From the hilus are fibromuscular 
septa radiating to the capsule. Within the 
septa are lobules which contain arteries, veins, 
capillaries, sinuses, reticuloendothelial cells 
and “specific endothelia,”’ lymphoid cells, and 
a peripheral zone of venous sinuses. In the 
center of the lobule is found a lymphatic 
nodule or malpighian corpuscle. 

Nickerson and Sunderland and _ several 
others believed they had found microscopic 
features peculiar to the disease; however, most 
authors (39) believed that all microscopic 
studies had shown perfectly normal struc- 
tures. Doan (19) stated that he could demon- 
strate hypersequestration of the platelets in 
the spleen by supravital stains showing en- 
gorgement and stasis in the sinus. Dameshek 
and Estren (15) were unable to confirm these 
findings. Von Haam and Awney in extensive 
microscopic studies found diffuse and nodular 
hyperplasia of the reticulum cells; increased 
sequestration in the splenic sinusoids and red 
pulp, and mild increased phagocytic power. 

The 9 cases presented here show no common 
pathological picture. Two showed a thicken- 
ing of the capsule with hyalinization; 4 in- 
creased eosinophiles in the red pulp; 2 conges- 
tion of the sinuses with red cells; and 2 
reticuloendothelial hyperplasia with associ- 
ated generalized reticuloendothelial hyper- 
plasia (Fig. 2). 


OPERATIVE MORTALITY 


Splenectomy in the acute form, when it is 
evident that other measures are of no avail, is 
reported as having a mortality of 16 to 21 per 
cent (4). In chronic forms in which the symp- 
toms are sufficiently severe to justify the risk 
of surgery, the mortality is 7 per cent (50). 
Maingot states he operated upon 2 cases of 
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fulminating essential thrombocytopenic jur- 
pura without a death. Eliason and Ferguson 
in a large series of cases report 13.6 to 34.3 
per cent deaths in patients operated on for 
acute purpura. Not all of these cases couli be 
classified as severe and fulminating. A  ub- 
sequent figure given by them was 7.08 per 
cent. Pugh reports 2 cases of splenectomy for 
essential thrombocytopenic purpura with no 
deaths. Lahey and Norcross state that in 
cases of acute fulminating thrombocytopenic 
purpura splenectomy must be done as an 
emergency in order to avoid hemorrhage into 
vital organs. Of the 153 cases reported by 
Rosenthal, 13 cases could be classified as 
fulminating. Six were not operated on and all 
6 died. Seven were splenectomized with 3 
deaths and 4 recoveries. In the 9g cases of 
severe fulminating essential thrombocytopenic 
purpura reported operation was done without 
a mortality. 
RECURRENCES 

Causes of postoperative recurrence of 
essential primary thrombocytopenic purpura 
following splenectomy may have been due toa 
misdiagnosis of a secondary type of thrombo- 
cytopenic purpura for the primary disease 
(15, 32, 68). There may have been cases of 
accessory spleen tissue unremoved at opera- 
tion (58, 59, 68). There may have been 
generalized hyperplasia and hyperphagocy- 
tosis by the reticuloendothelial cell system 
(15, 19) and/or enlarged hemolymph nodes 
(41). There may have been accidental “‘seed- 
ing” during the operation with development of 
many small splenic implants (14). There may 
have been no known cause at all. 

It is important to remember the embryology 
of the spleen in looking for accessory spleens. 
Accessory spleens are most frequently found 
in the area of the hilus of the spleen but may 
occur anywhere in the retroperitoneal space of 
Retzius down to and even in the left scrotum 
as in the cases reported by Olken and Emmett 
and Dreyfuss. The spleen first appears in the 
8 millimeter, 6 week, embryo as a bulge of the 
mesenchymal cells just beneath the peri- 
toneum in the left surface of the dorsal meso- 
gastrium. This mass increases slowly in size to 
form many hillocks which slowly merge, and 
at 3 months the spleen acquires the charac- 
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ter'stic form. The internal mass of mesen- 
ch: me is well vascularized and from it dif- 
>; ntiate the capsule, trabeculae, and pulp 
. ls. Lymphoid tissue appears early, but it 
is ot until 6 months that the splenic cor- 
les form ovoid nodules about the arteries 
)). From the fifth to the eighth month of 
| life the white blood cell formation is 


ean 
ep 3 


il of one of the hillocks may persist as a 
ilated or accessory spleen; and the time 
ing embryonic development that this hap- 
s determines the location of the accessory 
en. Curtis and Movitz believe they can 
lain all accessory spleens by the occurrence 
five main embryological developmental 
ges. 

Approximately 35 per cent of all people 
ve accessory spleens (43). 
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RESULTS 


Results from splenectomy in cases of essen- 
ti. thrombocytopenic purpura are favorable 
in 80 per cent or more of the cases (34, 46). 
Recovery in cases treated medically is about 
30 per cent (61). Removal of a normal spleen 
apparently has no detrimental effect on the 
general well being of the patient (10, 23). If 
normal spleen is removed there will be a 
temporary leucocytosis. The immediate re- 
sults in the cases cited were 100 per cent 
excellent clinically and by peripheral platelet 
count (Fig. 3). The only patient who showed 
a somewhat slow recovery is G. K. On longer 
follow-up on these cases to the present date, 
there have been 2 recurrences, W. B. and 
J. M. In 3 of the 9 cases the presence of 
accessory spleens was demonstrated. 


SUMMARY 


The literature is reviewed on the subject of 
acute essential or primary thrombocytopenic 
purpura with particular emphasis on a study 
of the course and treatment of the severe 
fulminating episode. 

Nine cases are presented which were treated 
in the acute fulminating phase by splenectomy 
with no operative mortality. These cases 
were compiled from the surgical services of 
the Mercy and Aultman Hospitals, Canton, 
Ohio, over a 5 year period. 


ylemented by erythrocyte formation. Sur- : 


Preoperative platelet counts varied from 
none or an occasional platelet to 60,000 per 
cubic millimeter. The Rees-Ecker method of 
counting platelets was employed. All cases 
showed an ultimate postoperative rise in plate- 
lets to near normal levels. In this follow-up 
period, as long as 5 years, there were 2 re- 
currences in g cases. Postoperative rise in 
platelets was not immediate; that is, did not 
rise in a matter of minutes or hours. In most 
cases a platelet rise was not evident until 1 or 
more days following splenectomy. Case 7, 
M. L., was an exception, giving an immediate 
rise. The rise in platelet count occurred 
usually after bleeding had stopped or simul- 
taneously with the subsiding of the hemor- 
rhage except in Case 7, M. L., whose platelets 
rose first. When the peripheral platelet 
response began, it usually rose anywhere from 
5,000 to 100,000 or more per day. 

All these patients appeared toxic and ap- 
prehensive, and ran a preoperative low grade 
fever, as Figure 4 of J. C., between 99 and 
1o1 degrees F. This fever disappeared on post- 
splenectomy recovery of the patient. Men- 
tion is made by Reznikoff that some patients 
with acute essential thrombocytopenic pur- 
pura are febrile. Fever may be due to the 
hemorrhaging, some unknown hidden infec- 
tion, or other unknown cause. 

Various organs from which hemorrhage oc- 
curred included: gingiva, nose, pharynx, lungs, 
gastrointestinal tract, genitourinary tract, 
uterus, central nervous system, thorax, and 
eye. 

Microscopic studies of the bone marrow 
showed no definite pathologic findings and all 
showed normal presence of megakaryocytes. 
Gross and microscopic studies of the excised 
spleens showed inconclusive findings of peri- 
splenitis, hyalinization of fibrous septa and 
capsule, hyperplasia of the reticuloendothelial 
system, congestion of the splenic sinuses, in- 
creased congestion of the splenic sinuses, and 
increased number of eosinophiles in the splenic 
red pulp. Weight of the spleens varied from 
100 to 300 grams, with an average of 185 
grams. 

Cyclopropane, ether endotracheal anes- 
thesia, supplemented by intocostrin, and 
spinal anesthesia were used. Endotracheal 
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ether gave good relaxation and a contracted 
spleen, and allowed tracheal aspiration of 
blood. 

Both rapid method of splenectomy, by de- 
livering the spleen by blunt dissection into 
the wound and clamping the vessels, and the 
slower, more deliberate method of clamping 
the splenic vessels first were successfully used. 
Drains were placed in only 1 case. Some 
authors recommend routine drainage because 
of the common injury to the tail of the 
pancreas. 

Age of the patients varied from 13 to 67 
years. Ratio of female to male was 2 to 1. 

Fresh whole blood transfusions were used 
liberally and successfully in the course of the 
disease, as shown in Figure 5. The response of 
G. K., of cessation of hemorrhage and rise in 
platelets was slow and required huge amounts 
of blood postoperatively in order to keep the 
patient from hemorrhaging to death before she 
could recover. 

Bleeding time was prolonged in 5 of the 9 
patients. All patients showed delayed or 


absent clot retraction. 
Five patients complained of preoperative 
pain in the thighs and back which may be a 


significant symptom of this disease. Four 
patients showed a mild peripheral eosinophilia. 
One patient had pinworms. 

The spleen was questionably palpable in 2 
patients. Three of the 9 patients were found 
to have accessory spleens at operation. 

Unsuccessful medical measures were tried 
including elimination diet, drug allergy study, 
snake venom administration, parathyroid hor- 
mone, calcium gluconate, toluidine blue (2), 
vitamin K administration, x-ray and other 
treatments. These were found to be of no 
benefit. 

Total white blood count showed a con- 
sistent postoperative temporary rise to 20,000 
to 30,000. There was a temporary ‘‘shower”’ 
of young polymorphonuclear forms. 

A rare case, because of sex and age, E. P., 
was presented occurring in a male 67 years of 
age. 

Three of these patients showed a peculiar 
skin lesion where the intravenous needles 
penetrated the skin, as in Figure 6 of B. R. 
This lesion no longer formed after splenectomy. 
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In all these patients postoperative rise in 
platelet counts to entirely normal levels was 
not necessary for a good clinical result. 

It was felt that blindness, intracranial he m- 
orrhage, and near death in B. R. could have 
been prevented by early operation. Splenec- 
tomy as an immediate life-saving procedure 
was successful in all these patients. In a 
longer follow-up, however, it was successful in 
preventing recurrences in 7 of g patients. 

One of the 2 recurrences, W. B., could be 
attributed to generalized reticuloendothelial 
hyperplasia. Cause of the other recurrence, 
J. M., remains a mystery. 


CONCLUSIONS 


Splenectomy is the treatment of choice in 
the acute fulminating episode of essential 
thrombocytopenic purpura which does not 
respond immediately to medical measures. It 
is a life-saving and emergency procedure. 
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ACUTE APPENDICITIS IN THE AGED 


‘\ILLIAM I. WOLFF, M.D., F.A.C.S., and ROBERT HINDMAN, M.D., New York, New York 


_ HIS report is one of a number pro- 

posed by the late Dr. William DeW. 
Andrus, Director of the Second Sur- 
“- gical Division, Bellevue Hospital, to 
ev’ iate our present concepts of surgery in 
th ged. 

creasing experience with acute surgical 
pr’ tems in elderly patients has led others and 
ou: -lves to the conviction that the classical 
te. ook descriptions do not apply in a signi- 
fic tly large group. The relative frequency 
of ariations from commonly accepted pat- 
ter s demands fresh criteria upon which diag- 
no. ; and treatment must be based. 

lere are two compelling reasons why this 
isr »w necessary: first, the segment of our pop- 
ula ‘on over 60 years of age is now appreciable, 
an: growing larger; and, second, a diminished 
ph) -iologic reserve, the result of aging and of 
ass ciated degenerative disease processes, al- 
low:. delay and faulty management to be tol- 
era‘ed poorly (8, 12). In support of the first 
claiin are recent census figures indicating a 15 
million population of 60 or over at the present 
time, with a sharp increase anticipated (15). 
Backing the second are life insurance statistics 
(31), and clinical reports, which demonstrate 
that the mortality rate from acute appendi- 
ig _— its peak in the upper age groups 
7, 26). 

In brief, the margin for error is not wide in 
surgery in the aged. This is particularly true of 
those entities which constitute the “acute sur- 
gical abdomen.” 

In order to study this problem more pre- 
cisely, acute appendicitis was selected as a rel- 
atively simple and fairly common member of 
the acute abdomen group. The case records of 
all instances of acute appendicitis in persons 
60 years of age or over, treated on the surgical 
wards of the Second (Cornell) Division at 
Bellevue and at the New York Hospital dur- 
ing the decade 1940 through 1949 were re- 


From the Second (Cornell) Division, Bellevue Hospital and 
The New York Hospital. 


viewed in detail. Since it might be misleading 
to compare the results of such an analysis with 
textbook descriptions or with figures obtained 
from other sources, a comparison group from 
the same hospital populations was deemed de- 
sirable. Therefore, the age group 30 through 
40 years was arbitrarily selected for this pur- 
pose, and all cases of acute appendicitis in this 
latter group were similarly reviewed. (For the 
sake of brevity, these are referred to as a “‘con- 
trol” group.) The findings in the two groups 
were then compared and subjected to statisti- 
cal analysis for validity. 


DATA 


In the 60 plus age group there were 88 cases. 
In the 30 to 40, or control group, there were 
274 cases, or a little over three times as many. 
Table I gives the breakdown according to age 
and sex. 

Age. Appendicitis is not one of the most fre- 
quent conditions constituting the “acute ab- 
domen” in the aged (5, 12). Reports on the in- 
cidence of appendicitis in older individuals 
vary considerably: Collins collected an aggre- 
gate incidence of 6.7 per cent for persons over 
40 among 57,660 cases; Moloney and associ- 
ates claim that 8 per cent of all cases of appen- 
dicitis occur in persons over 55 years of age; 
Fitch reports a collected incidence in patients 
over 60 years of age of 5.6 per cent among 
7,335 cases, Maylard an incidence of 1.8 per 
cent among 1,000 cases, Maes (27) 1.5 per cent 
in 1,294 cases, Ray 0.6 per cent in 1,500 cases. 
The source from which these statistics are 
drawn, e.g. urban or rural (14), and how far 
back they date appear to have some bearing 
on these proportions. 


TABLE I.—DATA BASED ON AGE AND SEX 





Males 
per cent 


Females 
per cent 


Average 


No. of cases age, years 





60+ group 88 66 53 47 

















Controls 274 35 57 43 
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TABLE II.—BREAKDOWN OF CASES ACCORDING 
TO LOCAL PATHOLOGY 























bot Controls 
group 
per cent per cent 
Group 1 - : : 
(Acute appendicitis without perforation) 42 76 
Group 2 : oe: 
(With localized peritonitis or abscess) 42 20.8 
Group 3 |. re 
(With diffuse peritonitis) 16 3.2 





Sex. The present study conforms with most 
reports on sex distribution in giving a slight 
preponderance to the males (36). Moloney 
and associates, on the other hand, report both 
an absolute and a proportionally higher inci- 
dence among females in the upper age brackets. 


PATHOLOGY 


Only pathologically confirmed cases of 
acute appendicitis are included. All patients 
had been operated upon; autopsy records did 
not disclose any instances of acute appendici- 
tis in patients not operated upon. 

Based on the operative findings, the cases 
were divided into three groups: group 1, acute 
appendicitis without gross evidence of perfora- 
tion or peritonitis; group 2, acute perforated 
appendicitis with localized peritonitis or ab- 
scess formation; and group 3, acute perforated 
appendicitis with diffuse peritonitis. 

Assigning a case to a particular group is not 
always easy (14, 25, 38), but since this inter- 
pretation was done by two persons only, any 
error should be constant. Group 2, moreover, 
is not a homogeneous one, for included in this 
category are both the fairly advanced stage of 
the inflammatory process—in which an ab- 
scess has formed—and the early stages after 
perforation—in which the patient is operated 
on before a spreading peritonitis has extended 
beyond the limits of the quadrant in which it 
originated. To attempt to break this section 
down further, however, merely on the basis of 
interpretation of an operative description, 
seemed an unwarranted approach. The find- 
ings appear in Table ITI. 

Since groups 2 and 3 when combined repre- 
sent all instances of perforation, it is seen that 
gross perforation occurred in 58 per cent of cases 
in the older group, or over twice as frequently as 
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the 24 per cent for the 30 to 40 year group. This 
difference is statistically valid.! 

These findings are similar to those report: 
by most other investigators, Stalker findiny a 
perforation rate of 62 per cent, Barrow (3) .{ 
77 per cent, Wood of 65 per cent, in patie:)1s 
over 60; Powers of 68 per cent, Brown of ;, 
per cent in those over 50; and Tashiro and 
Zinninger 58 per cent in those over 4o. \I- 
though there has been a general tendency jor 
more patients to be brought to surgery before 
perforation occurs among the general popula- 
tion—as evidenced by a recent report (31) 
giving the perforation figure as only 21.4 per 
cent—there is reason to believe that this im- 
provement does not hold for the older age 
groups. The above figures on the incidence of 
perforated appendicitis among older persons 
are taken from studies made during different 
portions of roughly a three decade spread, and 
yet they are remarkably uniform. This type 
of observation might also prove to be true for 
the other extreme of life, Abel and Allen re- 
cently reporting a 40 per cent perforation rate 
in children under 12, and Lanman one of 50 to 
60 per cent. 

Consideration of these findings suggests 
that one or both of two explanations might ac- 
count for the disparity. Either appendicitis in 
the aged is a more fulminating process, or, for 
a variety of possible reasons, the elderly per- 
sons delayed longer in coming to the hospital 
and to operation (3, 5). Hypotheses favoring 
the former interpretation have been advanced 
in the literature; the most reasonable center 
about the thesis that in the elderly individual 
vascular occlusion occurs much more readily 
in the diseased appendix, resulting in early 
ischemic gangrene and perforation (27, 34, 29). 


DURATION OF SYMPTOMS 


To evaluate the relative significance of these 
two explanations the duration of symptoms 
was analyzed in a number of ways. The 
average duration of symptoms prior to admis- 
sion to the hospital is higher in the older 
group, but this is largely a reflection of the 
higher incidence of cases with abscess forma- 
tion with attendant symptomatology of days’ 


1Chi square=16.8. The chances of this being a sampling error 
are only 6 in a million. 























TABLE III.—ANALYSIS OF CASES WITH SYMP- 
TOMS FOR FEWER THAN 24 HOURS 

















— Nescenk Local pathology 
symp- age of per cent 
toms un-| total 
der 24 cases 
hours Group 1/Group 2|)Group 3 
60+ group 36 | 41 58 22 20 
Controls 160 | 58 83 14 3 

















to weeks’ duration, which weights the average 
unfairly in that direction (Fig. 1). If only 
group 1, or unperforated, cases are considered, 
the duration of symptoms is almost identical, 
being 37 hours in the older group and 35 hours 
in the control group. Frequency distribution 
curves based on duration of symptoms (Fig. 1) 
are quite close for the two groups except for 
the terminal hump already noted. 

This problem was approached in a number 
of other ways. One of these was to discard 
temporarily from the control group all pa- 
tients having symptoms for fewer than 48 
hours. If the control group really arrived at 
the hospital sooner after the onset this should 
even up the difference materially. But, as 
seen in Figure 2, this manipulation raises the 
incidence of perforated appendices in the con- 
trol group only from 24 to 30 per cent, still 
about half that in the unaltered older age 
group. And when the elderly group is simi- 
larly treated, one discovers that here there is 
an even more marked rise in the perforation 
rate—from 58 to 71 per cent. 

A second approach to the problem was to 
analyze only those cases in both groups with 
symptoms for 24 hours or less. The results are 
seen in Table III. Thus, although a somewhat 
smaller percentage of the elderly patients ar- 
rived at the hospital within a day of the onset 
of symptoms (41 per cent as opposed to 58 
per cent), in these cases perforation and peri- 
tonitis were already present 214 times more 
frequentiy than in the comparison group (42 
per cent as compared with 17 per cent). 

The inference to be made from these con- 
siderations is that the appreciably and signi- 
ficantly higher incidence of peritonitis in the 
older age group as compared with the controls 
should not be ascribed to any delay in hospi- 
talization. The reports of others tend to sup- 
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Fig. 1. Frequency distribution of cases according to 
duration of symptoms between onset and hospitalization, 
scaled to correspond. 


port this doctrine for the most part (5, 20, 35, 


37) 39) 44)- aii 


Acute appendicitis, with or without its peri- 
toneal complications, is usually diagnosed on 
the basis of the history and physical examina- 
tion chiefly. Ancillary studies add little of 
moment except in a negative capacity. Al- 
though the usual symptoms and signs of the 
disease are readily elicited and rather well 
known, variations are frequently enough en- 
countered at all ages to make the diagnosis at 
times uncertain, or even difficult (8). It is the 
contention of others and ourselves that this is 
even more applicable to appendicitis in the 
aged (7, 10, 12, 13, 14, 32, 40, 41, 44). 

One factor which led to undertaking the 
present study was the observation that elderly 
patients not infrequently harbored a severe 
and advanced surgical pathologic condition 
within the abdomen with such a marked pau- 
city of symptoms and signs, that the true 
diagnosis or its severity was not appreciated 
until too late. Others have had similar exper- 
iences (13, 32, 44). Realization of this fact 
has taught us that we must be constantly on 
our guard in evaluating abdominal complaints 
in the upper age brackets, and that a new set 
of diagnostic standards may be required. 

Inasmuch as appendicitis is usually a pro- 
gressive disease, in one direction or the other, 
attended by variability in the clinical findings 
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Fig. 2. Relationship of cases in which the appendix had 
perforated to those in which it had not in both groups: a, 
as found; b, omitting cases in the control group in which 
symptoms had been present under 48 hours; c, omitting 
those in the older group as well. 


from time to time, and from examiner to ex- 
aminer, it-was found difficult to analyze the 
symptoms and signs on anything approach- 
ing a quantitative basis in the two groups 


studied. The symptoms, particularly nausea, 
vomiting, pain, chills, and diarrhea (with and 
without cathartics); the physical findings, 
particularly tenderness (direct and rebound), 
muscle spasm, distention, and the findings on 
rectal palpation; the vital signs (temperature, 
pulse, etc.) and laboratory findings, including 
the leucocyte count and urinalysis, were re- 
corded and evaluated in all cases. Few con- 
clusive observations could be made. Vague 
prodromal symptoms were sometimes found 
(44). Pain was the most consistently positive 
feature among the complaints. Wood reports 
this in 95 per cent of his cases. The abdominal 
findings conformed to no consistent pattern, 
ofttimes varying considerably with the time of 
examination or with the examiner. Tenderness, 
frequently associated with spasm, was the 
most constant feature. A mass was often 
found in association with abscess formation, 
particularly in the older group, though with 
some abscesses there was no demonstrable 
mass. Among the aged these appendiceal ab- 
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scesses, often of long duration, were common- 
ly attended by atypical signs and were re- 
peatedly misdiagnosed, as will be seen. Rec- 
tal tenderness, particularly when localized 
and on the right, was a notably reliable posi- 
tive finding (29). Distention was sometimes 
seen, particularly in the older patients, but 
not as commonly as the 55 per cent of in- 
stances reported by Wood. 

Chills were an important symptom, as re- 
ported by Colp; this was particularly true in 
the aged, in whom they were found to have a 
more ominous import. Chills were reported in 
the preoperative record more often in the 
older group—20.5 per cent as opposed to 8.4 
per cent among the controls. In the 60+ 
group, 15 of the 18 patients having preopera- 
tive chills fell into groups 2 or 3, whereas in 
the control group, only 9 out of 24 had per- 
forated appendices at the time of operation 
(Table IV). In general, chills are a more 
alarming finding in the aged, and usually sig- 
nify the presence of a peritoneal complication. 
The single case of pylephlebitis in this study 
was in the control group. 

The temperatures and leucocyte counts 
were averaged and analyzed for the two 
groups, and again for the subgroupings based 
on the pathology. The range of variation was 
so wide in all categories, and the group dif- 
ferences so slight, that no trends of possible 
clinical aid could be recognized. This fact has 
been reported by Maes and associates as well 
as many others (28). 

In view of the preceding, it was decided to 
evaluate the preoperative clinical diagnosis in 
each case instead, with an eye to examining 
critically those instances in which a correct 
diagnosis was not readily made. Since each 
case was seen by a minimum of three exam- 
iners as a general rule the errors in diagnosis 
which were committed constitute a rather 
interesting study. 

Thus, a serious error or delay in diagnosis oc- 
curred in 5.5 per cent of the so-called control 
group, but over four times as often, or in 25 
per cent of the elderly group. This is a statis- 
tically valid difference.' Our findings in this 
regard are not unique (10, 37, 40, 44). 


1Chi square=20.9. The chances of this being due to a sampling 
error are only 7 in a million. 
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TABLE IV.—ANALYSIS OF CASES REPORTING 
PREOPERATIVE CHILLS 


TABLE VI.—ANALYSIS OF SURGICAL 
INCISIONS USED 








Total 
No. cases 


No. with 


chills Group 2 


Group 1 





60+ group 
per cent 


Control group 


Incisio 
ncision per cent 





60+ group 88 3 10* 


18 
(20.5%) 





Controls 274 15 7* 

















24 
(8.4%) 
tOne patient with pylephlebitis 





*One death case. 


TABLE V.—ANALYSIS OF ERRORS OR 
DELAYS IN PREOPERATIVE DIAGNOSES 








Controls 
(274 cases) 


60+ group 


Inadequate preoperative diagnosis (88 cases) 





Peritonitis—etiology unknown 5 2 





Intestinal obstruction—etiology unknown 3 I 





Acute cholecystitis 2 I 





Pelvic tumor—etiology unknown 





Carcinoma of cecum or colon 





Psoas abscess 





Incarcerated right inguinal hernia 





Acute pelvic inflammatory disease 





Acute gastroenteritis ° 





Diagnosis delayed 6 6 





Total 22 15 
25% 











Incidence 5.5% 





The gravity of this situation is even more 
impressive when these items are scrutinized in 
further detail. For instance, among the cases 
of delayed diagnosis—in which the clinical 
findings were of such a meager nature that an 
exact diagnosis could not be made for a mat- 
ter of days—there were 6 in each group. In 
the younger group, 5 of these 6 turned out to 
have simple, nonperforated acute appendicitis 
when they finally came to surgery. In the el- 
derly group, on the other hand, none fell into 
this category, in all 6 perforation with some 
form of peritonitis in addition having already 
occurred! 

Intestinal obstruction, as another example, 
was a presenting symptom-complex in 6.8 per 
cent of the elderly group prior to surgery, but 
in only o.7 per cent of the control group. Cut- 
ler (1 3) and Stalker have commented on the 
insidious manner in which intestinal obstruc- 
tion may develop in the aged, and Wood re- 
ports that erroneous diagnoses of intestinal 


McBurney 86.4 96.3 





Right rectus 10.2 2.9 





Left rectus 1.I ° 
Midline 1.1 ° 








Upper right oblique I. ° 





Lower transverse ° 0.4 











Herniorrhaphy ° 0.4 





TABLE VII.—ANALYSIS OF ANESTHESIA 
EMPLOYED 





Anesthesia 
General 


60+ group per cent 
81.8 


Control group per cent 
89.8 

Spinal 12.5 10.2 

Local 5.7 ° 




















obstruction were made in 38 per cent of his 
cases. 
OPERATIVE MANAGEMENT 

All cases in these series were treated surgi- 
cally ;in noinstance was a diagnosis of appendi- 
citis made only at autopsy. The policy on both 
services is generally to operate in all cases of 
appendicitis, despite the presence of peritoneal 
complications, with delay directed only at cor- 
recting any contraindications to immediate 
surgery. An analysis of the operative ap- 
proach proved to be of some interest. The 
findings are summarized in Table VI. 

It is seen that the McBurney incision was 
utilized with the greatest frequency, particu- 
larly in the 30 to 40 age group. Several auth- 
ors report a higher mortality in their cases 
when incisions other than a McBurney were 
used (10, 37). Inasmuch as the services from 
which our cases are drawn use the McBurney 
incision as preferential for acute appendicitis 
(36), the grounds for selection of another ap- 
proach were studied in those excepted cases. 
The reason behind the large majority of these 
was found to be either an uncertain diagnosis 
or a gross error in diagnosis. This analysis of 
the operative approach used, therefore, show- 
ing resort to other than the McBurney inci- 
sion in 13.6 per cent of the elderly group as op- 





SURGERY, GYNECOLOGY AND OBSTETRICS 


TABLE VIII.—RESULTS OF POSITIVE 
BACTERIOLOGICAL CULTURES 





No. of times found in 
cultures 





Organism 


60+ group |Control group 





Escherichia coli 20 





Streptococci 18 





Clostridium welchii 3 





Bacillus aerogenes 9 





Staphylococci 





Proteus 





Bacillus pyocyaneus 





Fusiforms 





Clostridium putrificum 











Total positive cultures 





*Some cultures show multiple organisms. 


TABLE IX.— BACTERIOLOGICAL FINDINGS OF 
SINGLE AND MULTIPLE ORGANISMS 








Control group 
per cent 


60+ group 
per cent 





One organism 32 (14) 76 (35) 


68 (30) 











Two or more organisms 24 (11) 





posed to only 3.7 per cent of the control group, 


gives corroborative evidence of the greater 
difficulty in making a correct preoperative 
diagnosis in the aged. 


ANESTHESIA 


The choice of anesthesia for operation is 
given in Table VII. The higher incidence of 
local anesthesia is a reflection of the more pre- 
carious preoperative condition of the elderly 
patients, either as a result of their primary 
disease or of associated conditions. It was not 
observed that the type of anesthesia employed 
played a significant role in the outcome of a 
case. In surgery for acute abdominal condi- 
tions in the aged, the anesthesia, providing it 
is judiciously selected and skillfully adminis- 
tered, should not contribute materially to the 
operative risks (13, 37, 40). 


BACTERIOLOGY 


The thought was entertained that perhaps a 
difference in the species of offending bacteria 
contributed to the greater virulence of appen- 


dicitis in the aged. With this in mind, the re- 
ports of bacterial cultures obtained at the time 
of operation were studied where available. The 
results, shown in Table VIII, are not striking 
and conform to common experience (17, 33, 
36, 45). 

One observation of interest was made, how- 
ever. A definite noteworthy tendency for in. 
fection of the peritoneum to be brought about 
by more than one pathogenic organism was 
found in the older age group, as shown in 
Table IX. 

Although the exact significance of these find- 
ings is not clear, the differences are reasonably 
valid.' It has been said that mixed infections 
lead to quick invasion and early gangrene (16). 
That these different findings may have some 
implications as regards antibiotic therapy 
seems likely. 


COMPLICATIONS 


As might be anticipated from the apparent- 
ly more virulent nature of the disease and the 
diminished reserve brought about by associ- 
ated physiologic and degenerative conditions 
in the aged (12, 23), the postoperative mor- 
bidity is increased. Table X lists the major 
postoperative complications encountered in 
the two groups. 

Thus, it is seen that the complication rate in 
the older group is a little over three times that 
in the control group, and this difference is 
statistically reliable.” 

An incidental observation which cannot be 
enlarged upon here was that in neither group 
did the administration of antibiotics appear to 
offer any protection against the development 
of wound infection. 


MORTALITY 


The mortality statistics again demonstrate 
the significant difference between the two 
groups, despite the fact that our figures for 
the older age group show considerable im- 
provement over most reports in the literature. 
Our figures corroborate a trend disclosed by 
other recent studies (Table XI). 


1Chi square=6.7. The chances that this difference is due to a 
sampling error are only 9 in 1,000. : 

2Chi square =22.8. The chances of this being due to a sampling 
error are only 9g in a million. 





WOLFF, HINDMAN: ACUTE APPENDICITIS IN AGED 


In the present series there were 4 deaths in 
the older group, for a mortality rate of 4.5 per 
cent as opposed to 2 deaths in the so-called 
control group, for a mortality rate of 0.7 per 
cent.! The 4 deaths in the older group fol- 
lowed no definite pattern. In all advanced 
morbid changes were present in the appendix 
despite rather brief duration of symptoms, 
and in 3 there was some form of peritonitis. 
One of the latter patients was extremely 
cachectic and died on the 2nd postoperative 
day, a second expired from a pulmonary em- 
bolus on the 7th postoperative day, and the 
third required reoperation for a pelvic abscess 
and expired on the 21st postoperative day. 
The remaining patient, with a gangrenous ap- 
pendix but no peritonitis, died on the 8th post- 
operative day of a pulmonary embolus. Three 
of the deaths were in the period 1940 to 1941; 
the last in 1946. 

In the younger group one death was in a 
severe rheumatic cardiac who went into con- 
gestive failure, and the other, occurring in 
1940, followed appendectomy and drainage of 
an appendiceal abscess with exodus on the oth 
postoperative day after evidence of a diffuse 
peritonitis, adynamic ileus, and fibrinopuru- 
lent pleuritis, developed in that order. 


FOLLOW-UP 


Follow-up studies presented some interest- 
ing wound data. The McBurney incision was 
the only one considered, inasmuch as the 
others were too few in number to afford sta- 
tistical validity. It has been repeatedly ob- 
served, however, that wound complications, 
such as infection, dehiscence, and ventral her- 
nia, are much more apt to occur when incisions 
other than a muscle-splitting are employed 
for acute appendicitis (2, 10, 18, 19, 36). The 
McBurney incision is generally regarded as 
affording a high degree or protection against 
disruption (43) and subsequent hernia, except 
when the wound is drained (2, 18, 19, 41, 43). 

For the elderly group 51 out of 76 patients 
who had had McBurney incisions were fol- 
lowed for 3 months or longer, and 187 out of 
265 in the control group. Results are cal- 

1This difference is fairly reliable statistically. Chi square=5.65, 


indicating that the chances of this being due to a sampling error 
are only 2 in 100, 


TABLE X.—MAJOR COMPLICATIONS 








Incidence in 
control group 
(274 cases) 


Incidence in 
60+ group 
(88 cases) 


Complication 





Wound infection 15 10 





Intraperitoneal abscess I 2 


Thrombophlebitis 3 I 








Pulmonary embolus 





Bronchopneumonia 





Adynamic ileus 





Cardiac failure 





Atelectasis 





Pleurisy with effusion 





Urinary retention 





Fecal fistula 





Pylephlebitis 





Wound hematoma 





Abducens nerve palsy (transient) 


Total 














Percentage 





TABLE XI.—MORTALITY FROM APPENDICITIS IN 
THE AGED AS REPORTED IN THE LITERATURE 











Age 
group, 
years 
over 


Period of 


Author study 


mainder of 
series 





Maes 


Fitch 


1925 _ 





1928 0.4 





Warren 1929 6.0 





Brown 

Boland 
Goldsmith 
Maes et al. (28) 


1926-1930 3-2 





1927-1931 7 4.1 





1931 : -- 





1930-1933 ‘ 5-3 





Maes et al. (29) 
Wood 

Ray 

Stalker 

Barrow and Ochsner 


1934 





1913-1934 





1932-1937 





1924-1938 





1940 





Powers 1931-1940 





Simpson 1946 
Collins 
Schiebel and Moisel 


Hawk et al. 





1933-1947 





1937-1947 





1943-1048 





Parsons 2 





Darling and McIver | 1940-1948 


Wolff and Hindman 




















1940-1949 
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TABLE XII.—FOLLOW-UP STUDIES OF THE 
MCBURNEY INCISIONAL WOUNDS 








No. of 
McBurney] Drained 
incisions 


Hernia 
rate 
per cent 


Hernia Not 


rate . 
per cent drained 





60+ group 76 45 16 31 3 




















Control group 265 54 17 211 0.9 





culated on the basis of the entire group, how- 
ever, so that they represent minimal values. 

Incisional hernias or fascial defects were 
present in at least 11 per cent (18 out of 76) of 
the elderly group, and in 4.2 per cent (11 of 
265) of the control group. Although these 
figures to some extent reflect the differences in 
intra-abdominal pathology, breakdown of the 
incisional wounds into those which were and 
those which were not drained was of some in- 
terest, as shown in Table XII. 

Bancroft reported an incidence of wound 
hernia of 15 per cent among drained incisions 
as compared with only 1.9 per cent among 
those not drained; Ray’s figures are 22 per 
cent in the cases drained, o in the undrained. 
In our series only 1 of the 8 with incisional 
hernias in the older group had had a grossly 
infected wound, whereas 6 of the 11 patients 
in the control group had had wound infec- 
tions, 3 occurring after the patient had been 
discharged from the hospital. 

The high incidence of hernias in the cases of 
drained incisions merits attention. Although 
many of these represent fascial defects which 
were not and probably never will be of clinical 
significance (2, 19), nevertheless, one is re- 
minded that drainage is not entirely an innoc- 
uous procedure, from the viewpoint of the 
wound and for other reasons. This, of course, 
should never be a deterrent against intraperi- 
toneal drainage when indicated (38), but it 
suggests that the employment of drains be 
deliberate and judicious, and based on speci- 
fic indications in each case, rather than on any 
established routine or rule. Our own convic- 
tions regarding drainage of the peritoneal 
cavity (not necessarily the opinion of all the 
surgeons contributing to these series) are that 
at the present time it is indicated: (1) in the 
presence of necrotic residue, e.g. an abscess; 
(2) when it is feared the appendiceal stump is 
insecurely closed or the viability of the cecal 
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wall may be threatened; and (3) when hemo- 
stasis is felt not to be entirely adequate. 


SUMMARY AND CONCLUSIONS 


1. The conviction, based on clinical obser- 
vations, that acute conditions of the abdomen 
behave differently in the aged than in the 
general run of the population led to a study of 
acute appendicitis in the aged to test this 
thesis. 

2. Acute appendicitis was demonstrated to 
be a more fulminating disease process in the 
aged than in a comparison group, age 30 
through 40. It was also shown to exhibit more 
frequently aberrations in the clinical mani- 
festations, making diagnosis more difficult and 
delaying institution of proper treatment. 

3. Acute appendicitis in the aged is at- 
tended by a higher morbidity and mortality 
than in younger persons. 

4. Diagnosis of acute abdominal pathologi- 
cal states in the aged calls for the exercise of 
more careful clinical judgment than in young- 
er adults, and the realization that deviations 
from the classical picture may frequently be 
present. | 
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THE NEED FOR GREATER 
ACCURACY IN THE 
DETERMINATION OF 

OPERABILITY 


NE of the most important problems 
in surgery is related to the question 
as to whether or not a patient will 

tolerate the operation performed upon him. 
Practically all postoperative deaths are due 
either to errors in judgment regarding opera- 
bility of the patient, or to errors in preopera- 
tive and postoperative care. Perhaps it may 
be assumed that in major surgical centers, at 
least, the preoperative and postoperative 
care is rather meticulously and carefully car- 
ried out. However, even the best surgical 
clinicians seem to have difficulty in predicting 
accurately whether or not a so called poor risk 
patient will tolerate the major operation nec- 
essary for correction of his complaint. 

To the author of this editorial it is quite ob- 
vious that new developments in surgical 
physiology have progressed faster than the 


ability to determine operability of the pa- 
tient. In this plea to make all possible effort 
to improve our ability to determine opera- 
bility, the author wishes to emphasize that 
the simple procedure of refusing to operate 
on poor risk patients for the sake of protect- 
ing the figures on mortality rates is not the 
answer to this problem, and in fact should be 
criticized sharply, because it may deprive 
certain patients of the right to be cured of 
their disease. We must make greater effort 
to determine whether or not the patient will 
tolerate his operation. The day will probably 
never come when we will be able to predict 
with 100 per cent accuracy whether or not a 
patient will survive his operation. However, 
if we can improve our assay of operability 
sufficiently to eliminate even one half of the 
postoperative deaths, we shall have made 
very commendable strides. 

The big question is—how can we improve 
our determinations of operability. The an- 
swer lies in a more accurate assay of biochemi- 
cal, physiologic, and clinical data. Age itself 
is of considerable value in determining opera- 
bility. For example, we know that an entire- 
ly healthy, aged individual will tolerate a 
serious operation with hours of operative 
work very well, provided he has no complicat- 
ing diseases. On the contrary, if complicating 
diseases are present, he will tolerate his opera- 
tion very poorly, in fact with much less safety 
than a younger patient with the same decre- 
ments. 

A vast clinical experience is obviously very 
helpful in improving the accuracy of determin- 
ation of operability. However, there is no » 
clinician so skilled or so experienced that he 
can take a quick look at a patient and make 
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an accurate prophecy regarding operability. 
As previously stated, certain clinical data are of 
extreme value in estimating operability. One 
of these mechanisms which is utilized far too 
seldom is the clinical determination of cardiac 
reserve. It is surprising how much valuable 
data regarding cardiac reserve can be gained 
from such questions as: How far can you 
walk? Can you climb two flights of stairs 
without resting? Do your ankles swell? 
Does walking fast produce pain in the chest? 
Answers to these questions usually give one 
much more data regarding operability than 
does the electrocardiogram. Too often the 
inexperienced clinician orders an electrocardi- 
ogram and, if the tracing is relatively normal, 
makes the mistake of concluding that cardiac 
reserve is normal or adequate without investi- 
gation of clinical data. 

Just as too little importance is often placed 
on clinical history of cardiac reserve, too much 
importance is often placed on the history of 
a coronary occlusion. Obviously, a coronary 
occlusion is a serious lesion, often resulting in 
immediate death or death a few weeks later. 
However, when sufficient time (e.g. several 
months) have elapsed since occlusion for the 
development of collateral vessels, the cardiac 
reserve may return almost to normal. Ques- 
tions relative to response to exercise and 
electrocardiographic tracings after exercise 
will give valuable data regarding cardiac re- 
serve. For example, all surgeons have per- 
formed serious major operations on patients 
months after a coronary occlusion, without 
serious consequences. 

Another very important organ from the 
standpoint of the patient’s operability is the 
liver. It is only recently that we have ap- 
preciated this fact, and only recently that re- 
liable function tests have been made available. 
In the author’s estimation, the thymol tur- 
bidity test is perhaps the most valuable single 
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test of hepatic function, although the albumin 
globulin ratio and the cephalin flocculation, 
urobilinogen, and bromsulfalein tests are also 
very valuable. In general, no single test is 
sufficiently accurate to give a very accurate 
estimation of liver function; 2 or 3 liver func- 
tion tests should be obtained. 

The kidney is obviously another important 
organ in the patient’s reserve. Crucial data 
may be revealed in the routine urine examina- 
tion, but rarely will the clinician fail to have 
this done. Less obvious, but still crucial data 
on kidney function will be revealed by such 
tests as power of concentration, urea clear- 
ance, etc. 

There are innumerable additional tests of 
true value in determining operability; many 
of these are often ignored. The level of non- 
protein nitrogen is an example of this group 
often omitted. It is remarkable how fre- 
quently there is an elevation of the nonpro- 
tein nitrogen level in elderly men with pyloric 
or duodenal obstruction, particularly if vomit- 
ing is also present. Likewise important in 
lesions associated with vomiting is electrolyte 
imbalance. Unfortunately the blood level of 
such ions as sodium, potassium, and chlorine 
are not always a true index of electrolyte de- 
ficiency because considerable deficiency actu- 
ally must be present before the deficiency in 
various organs is reflected in the blood levels. 
Hypertension, severe arteriosclerosis, and 
malnutrition are examples of other data im- 
portant in determining operability. Of these 
three, malnutrition is usually the most im- 
portant and the one most often neglected. It 
must be fully appreciated that a patient who 
has been partially starved for several days is 
a poor risk for any major operation. The loss 
of 4 or 5 pounds in the immediate period be- 
fore operation is of more significance from the 
standpoint of operability than the loss of 50 
pounds in 6 months provided the patient has 
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shown no weight loss in the immediate pre- 
operative period. , 

The enumeration of the large number of 
biochemical and physiologic tests does not 
indicate that all of these must be done on 
every patient. For such operations as herni- 
otomy and appendectomy, nothing more than 
a routine urine and blood examination need 
be done. When more serious operations are 
contemplated, many of the tests mentioned 
may be indicated, particularly in elderly pa- 
tients who tolerate complicating conditions 
so poorly. By using good clinical judgment 
the important data may be accumulated by 
performance of relatively few tests beyond 
the routine ones obtained on all hospital pa- 
tients. 

Unfortunately, we have no way of convert- 
ing the results of various tests to a mathemati- 
cal formula. Likewise, we will not be able to 
feed these data into some of the complicated 
“brain substitute’ machines being utilized of 
recent years and expect to receive an answer 
to such problems as operability. However, 
there is not the slightest doubt that years of 
experience and good clinical judgment can be 
potent factors in arriving at the correct answer 
in operability, and particularly in correcting 
certain decrements so that the operation can 
be performed safely. 

The author of this editorial makes the plea 
to utilize more care in the determination of 
operability because he believes that progress 
in this determination has lagged behind the 
progress in surgical physiology. 

WarrEN H. Cote. 


DUODENOTOMY FOR COMMON 
DUCT STONE 


T seems to me that this operation has a 
very legitimate place in gall bladder sur- 
gery, and one which has not been suf- 

ficiently appreciated. Why it has not been 
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more frequently resorted to by others I do 
not understand, unless it is from the tradi- 
tional fear, which dates back to a period long 
before intestinal surgery was understood, of 
opening and suturing a piece of gut.””! 

This statement concerning duodenotomy 
for common duct stone was made by Doctor 
Charles McBurney in 1898. It could be made 
today. There is still widely prevalent an ex- 
aggerated reluctance to open the duodenum 
even when this maneuver is indicated as a 
part of the adequate exploration of the com- 
mon duct. This procedure is too often em- 
ployed at the second operation when the in- 
dications were clear for its use at the first. 

The most serious complication which may 
follow duodenotomy is, of course, the develop- 
ment of a duodenal fistula. The exact inci- 
dence of this complication is difficult to de- 
termine. Most surgeons can recall duodenal 
fistulas of varied etiology which closed spon- 
taneously and were never recorded in the lit- 
erature. Mahorner,’? Cattell,’ and Allen‘ have 
all reported series of cases in which duo- 
denotomy was performed with very few com- 
plications. Certainly the fistula which follows 
longitudinal incision and careful transverse 
closure of the healthy duodenum is rare. Fur- 
thermore, the duodenal fistula need no longer 
be accompanied by the high mortality of the 
past. Careful attention to the preservation 
of fluid balance, protection of the abdominal 
wall, and continuous suction at the site of the 
fistulous tract will usually result in an early 
closure of the duodenum. 

Opponents of duodenotomy may suggest 
alternatives. Operative cholangiography has 
been used to detect residual common duct 


1McBurneEy, C. Removal of biliary calculi from the common 
duct by the duodenal route. Ann. Surg., 1898, 28: 481. 

2MaHorner, H. Combined supraduodenal and transduodenal 
exploration of the common bile duct. Ann. Surg., 1949, 129: 766. 

3CATTELL, R. B. The use of a long T-tube in surgery of the 
biliary tract. Surg. Clin. N. America, 1948, 28: 659. P 

4ArLEN, A. W. The diagnosis and treatment of stones in the 
common bile duct. Surg. Gyn. Obst., 1936, 62: 347. 











stones; our experience with this procedure has 
not been extensive, but it has been disap- 
pointing. Since a T-tube is to be inserted, it 
will be argued that residual calculi disclosed 
by postoperative cholangiography can be dis- 
solved by the instillation of ether and oil, as 
championed by Pribram.' There can be no 
doubt that this treatment results in the dis- 
appearance of some stones, but in our experi- 
ence this has not been the rule. Pribram sug- 
gests that the failure of others to obtain good 
results equal to his is due, possibly, to the 
use of a T-tube instead of a simple catheter 
for drainage of the common duct. Moreover, 
he states that many months are frequently 
required for the ether-oil to dissolve the cal- 
culus. We have had the experience of con- 
tinuing this treatment until the patient was 
emotionally and financially exhausted, and he 
still required laparotomy for removal of the 
stone. Finally, Finsterer® has advocated rou- 
tine choledochoduodenostomy for choledocho- 
lithiasis, but it would appear unlikely that 
this procedure will enjoy wide acceptance. 
We submit that the advantages of opening 
the duodenum, when this procedure is indi- 
cated, clearly outweigh the possible hazards. 


5PripRAM, B. O. C. The method for dissolution of common 
duct stones remaining after operation. Surgery, 1947, 22: 806. 

SFINSTERER. Cited by Plenk, A., and Hartl, H. Experiences 
and results with supraduodenal choledochduodenostomy as a 
routine procedure in cases of stone in the common bile duct 
(Erfahrungen mit der supraduodenalen Choledocho-Duodeno- 
stomie als Routineoperation bei Choledochusstein und seinen 
Folgen). J. Internat. Chir., 1949, 9: 421. 
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The most compelling indication for opening 
the duodenum is the operator’s strong sus- 
picion that one or more calculi remain im- 
pacted in the lower end of the common duct. 
This suspicion is aroused by the failure of the 
probe or catheter to pass readily into the 
duodenum, by the failure of the irrigating 
fluid visibly to distend the duodenum, or by 
the palpation of a hard mass in the head of 
the pancreas near the ampulla. Under these 
circumstances the following advantages are 
gained by opening the duodenum. Most im- 
portant, the stone impacted at the ampulla 
can be removed under direct vision. The 
probe can then be passed through the papilla 
under direct vision; this reduces the possi- 
bility of forcing a false passage, an accident 
which autopsy has shown goes frequently un- 
recognized. Opportunity is also afforded to 
inspect the ampullary region for such unsus- 
pected conditions as acute inflammatory pro- 
cesses, fibrosis of the ampullary region, steno- 
sis of the sphincter of Oddi, and malignancy. 
Stones missed by the probe, catheter, or the 
Kirby choledocholithophone, perhaps nestled 
in a diverticulum of the common bile duct, 
may be detected. 

Common duct stones in the ampullary re- 
gion are constantly being left behind when 
the surgeon senses that all is not right. Under 
such circumstances, duodenotomy is indicated. 

James D. Harpy. 


THE SURGEON’S LIBRARY 


REVIEWS OF 


die roentgenologischen Darstellungsmoeglich- 

keiten des weiblichen Genitalapparates mit Hilfe 
von Jodél und Jodsol'is devoted to a study of the con- 
trast media which is used to demonstrate roentgeno- 
graphically the female genital apparatus. Many dif- 
ferent preparations were used for this purpose by the 
author. He found that the x-ray pictures obtained 
with the aid of these preparations differ not only 
according to the morphological structure and func- 
tion of the internal genitals, but also depend just as 
much upon the varying physical, chemical qualities 
of the different preparations used. With regard to 
these varying qualities, the following are the most 
important in their effect on the results: (a) viscosity, 
(b) surface tension, and (c) ability to moisten. 

In Part 1 a comprehensive description is given for 
the first time of experiments carried out with the 
iodized oils most generally in use, based on modern 
methods of assessment, some of which show surpris- 
ing results. The fundamental changes of the physical 
chemical qualities which take place when the iodized 
oils are transformed into iodized colloid solutions are 
demonstrated and measured by the same methods. 

In Part 2 the following conclusions are drawn, 
based on clinical results, and experiments: (1) The 
preparations which are soluble in water and contain 
iodine irritate the mucous membranes, and especially 
the peritoneum, on account of their hypertonia, and 
are therefore not fit for general use, in spite of their 
favorable physical qualities. (2) Preparations soluble 
in oil and containing iodine are generally more com- 
patible, although in hysterosalpingography they have 
the disadvantage, when of normal consistency, of 
showing too high a viscosity, and on the other hand, 
when of thin consistency, inability to moisten suffi- 
ciently. (3) The various properties of a pharmaco- 
logical and physical chemical nature which are nec- 
essary for an ideal preparation for purposes of con- 
trast are discussed and the conclusion is reached that 
iodized oils transformed into iodized colloid solutions 
best meet the demands in radiography both with 
regard to viscosity, surface tension, and ability to 
moisten. 

In Part 3 it is shown by reference to many examples 
from fetography and hysterosalpingography that the 
results obtained from clinical and theoretical research 
coincide completely. 


ek HE short monograph of 74 pages entitled Ueber 


1UEBER DIE ROENTGENOLOGISCHEN DARSTELLUNGSMOEGLICH- 
KEITEN DES WEIBLICHEN GENITALAPPARATES MIT HILFE VON 
JopéLt unpD Jopsot. By Dozent Dr. med. habil. J. Erbsléh, 
Stuttgart: Georg Thieme; New York: Grune & Stratton, 1951. 


NEW BOOKS 


There are 64 beautiful and clear illustrations. The 
monograph is well written and should prove interest- 
ing to roentgenologists and gynecologists who can 
read German. J. P. GREENHILL. 


oO thirty-five years Braasch’s Urography has 
been a standard reference book for urologists and 
roentgenologists. The first edition, appearing in 
1915, was at that time the only text limited to uro- 
graphic diagnosis, and it did much to stimulate and 
advance the use of the x-ray in urology. A second 
edition was published in 1927. The present book, 
Clinical Urography*® by Braasch and Emmett is as 
important and necessary to the urologist of today as 
was the original work in rors. 

Clinical Urography is not a revision of the 1927 
edition of Urography. It is an entirely new book and 
reflects the clinical and teaching experience of Braasch 
and Emmett obtained from their study of patients 
seen at the Mayo Clinic over a period of many years. 

The book is of a size and weight that readily fits 
the hand so that it is easily available for handy 
reference. It is mainly a book of illustrations, an 
atlas of urography. There are over 1,300 illustra- 
tions, all new, none having been used in previous 
texts. They are excellent, with good detail and clear 
outlines, contrasting well against the clear white 
margins. Films sufficiently good for illustration and 
engraving are rare; the ones used were selected after 
reviewing several hundred thousand urologic films. 
The majority of films are from the Mayo Clinic files; 
others have been supplied by colleagues throughout 
the country. The accompanying legends are descrip- 
tive and complete so that the book can be used for 
quick consultation without reference to the text. 

The text is easy to read, printed on excellent paper, 
with frequent and easily located headings. It is 
descriptive in type, discussing not only the accom- 
panying urogram, but also the associated clinical 
findings and pathologic changes. 

The first 3 chapters are written especially for the 
student. They present a history of urology, a de- 
scription of the plain film, and a complete discussion 
of the normal film. 

A number of special subjects have been discussed 
by other writers. Dr. A Keller Doss has written a 
section on aortography, giving a complete description 
of the technique of this procedure and showing a 
number of beautiful illustrations, some combined 


2CLINICAL UROGRAPHY, AN ATLAS AND TEXTBOOK OF ROENT- 
GENOLocIc D1acnosis. By William F. Braasch, M.D., and John 
L. Emmett, M.D. Philadelphia: W. B. Saunders Co., 1951. 
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aortograms and retrograde pyelograms. Other equally 
important procedures have been described and pic- 
tured by Dr. Rubin H. Flocks (cystoureterography), 
Dr. James W. Merrick (seminal vesiculography), and 
Dr. James C. Sargent (trauma to the urinary tract). 
This book is an all sufficient encyclopedia of urog- 
raphy, the result of years of study and observation 
of a series of cases, the number and variety of which 
have been offered to few people. It is almost as 
essential to the correct practice of urology as a 
cystoscope. A. J. SCHOLL. 


Bh hay book Surgery of the Stomach and Duodenum 
by Claude E. Welch! is small, 6 by 8% inches, 
with type fortunately large enough to be easily read. 
It was planned as a “‘practical guide, particularly for 
younger surgeons” with “emphasis placed on the 
indications for various procedures and on the selec- 
tion of safe, rather than brilliant, operations.” This 
objective is certainly achieved in the 349 pages of 
the text. 

Orthodox surgical procedures for gastric and duo- 
denal surgery are explained and clarified by 79 plates 
or illustrations. These are presented with remark- 
able simplicity in which a minimum of lines or shad- 
ing brings out the important steps or anatomy at 
a glance. 

The bibliography is excellent and judiciously se- 
lected. No student of the subject should fail to read 
every article listed. 

With the exception of the statement “the common 
bile duct and pancreatic ducts empty into the duo- 
denum 7 to 10 centimeters beyond the ligament of 
Treitz” (page 15) the content is extremely accurate. 
The result achieved in the treatment of this difficult 
subject could well set a valuable pattern for similar 
treatises on other parts of the body. 

S. J. FocEtson. 


bn surgeon of today, confronted as he is by a 
vast and ever increasing array of splints, appa- 
ratus, and appliances, often finds difficulty in choos- 
ing suitable equipment which is simple and at the 
same time effective. It is of great help to be able to 
turn to such a book of reference as Instruments and 
Apparatus in Orthopaedic Surgery? by E. J. Nangle, 
a book which reflects the current practice in this field 
of two of England’s leading orthopedic centers. 

At the outset, the principles of splintage are ex- 
amined and illustrated by everyday examples. They 
are then applied to the special problems of polio- 
myelitis. With the description of each piece of appa- 
ratus or splint appears a clear drawing or informative 
photograph together with an account of its exact 
design, the materials of which it is made, and the 
method of construction. The author has restricted 
himself throughout to those pieces of apparatus with 
which he is familiar and which are in everyday use in 

SURGERY OF THE STOMACH AND DuopEeNum. By Claude E. 
Welch, M.D. Chicago: The Year Book Publishers, 19st. 

*INSTRUMENTS AND APPARATUS IN ORTHOPAEDIC SURGERY. By 


E. J. Nangle, M.B., Ch. B., F.R.C.S. Oxford: Blackwell Scientific 
Publications, 1951. 


the hospitals where he has worked. This, to some 
extent, prevents the work assuming the guise of a 
catalogue. 

The use and upkeep of the Both and Bragg-Paul 
artificial respirators receives detailed consideration 
—a most valuable chapter. Plaster of paris technique 
is included only so far as its application to the making 
of plaster beds, jackets, and spicas and to the prep- 
aration of positive models of patients trunks or limbs 
on which suitable applicances can be made. A special 
chapter on the use of plastics in the preparation of 
splints and appliances is contributed by Dr. J. T. 
Scales. 

The author’s special field of interest has been the 
introduction and development of ingenious suspen- 
sion apparatus in the treatment of patients condemned 
to spend months in plaster beds, jackets, or spicas. 
By means of compound pully systems and suitable 
counterweights the plaster and the patient can be 
rendered mobile. Patients thus able to move them- 
selves about avoid, it is claimed, the mental and 
physical stagnation consequent upon long periods of 
recumbency. 

As Dr. H. J. Seddon says in his preface “Every 
surgeon, however experienced, will find something 
here that is new, and that is worth saying again, 
and that is invariably useful.”” Harotp Botton. 


‘TS book Atlas der pathologischen Anatomie! is a 
sheer delight and well merits a reviewer’s super- 
latives. It tells the story of pathologic anatomy by 
means of a series of 564 gross photographs almost 
all of which are in color. No photomicrographs are 
included. The photography is superlative. The le- 
sions have been chosen to represent the whole field 
of special pathology and have been intelligently 
photographed. The quality of the original color 
photographs and of their reproduction on the printed 
page are the finest that I have ever seen. The colors 
are entirely natural and the texture of the various 
tissues and lesions is reproduced with amazing real- 
ity. Especially noteworthy is the section on bone 
pathology. 

Besides the high quality of the photographs, most 
of which were taken by Professor Apitz and certainly 
represent a labor of love, there are the comments of 
Professor Réssle. Professor Réssle is the distin- 
guished Emeritus Professor of Pathology at the Uni- 
versity of Berlin and hence is the successor to the 
chair of Virchow. His comments on the specimens 
which illustrate the atlas are of great interest and 
demonstrate his breadth of knowledge and his mas- 
tery of pathologic anatomy. The text naturally is in 
German but for anyone who can read this language 
this atlas contains rich treasure. 

Once again I feel impelled to ask, ‘““‘Why cannot 
American publishers achieve as good results as the 
Germans in matters of format and of reproduction 
of medical photographs.” Wrtt1am B. WaRTMAN. 


3ATLAS DER PATHOLOGISCHEN ANATOMIE. By Prof. Dr. med. 
vet. h.c. Robert Réssle and Dr. med. Kurt Apitz. Stuttgart: 
Georg Thieme, 1951. 
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Slew: author of Roentgen Anatomy; Roentgen Ana- 
tomia' says in his preface, “‘In the every-day prac- 
tice of roentgenology one is often asked . ... the ex- 
planation of certain shadows. This volume is offered 
as a quick reference. The commonly used positions 
have been reproduced and an attempt has been made 
to name the various structures visualized,” 

The 54 beautifully reproduced plates, including 13 
of the skull, facial bones and sinuses, 15 of spine and 
pelvis, 6 of the sternum and heart, and 20 of the 
extremities with carefully labelled tracings on pages 
facing the reproduction of the roentgenograms, ful- 
fill this objective admirably. SumMNER L. Kocu. 


HE well written and well documented mono- 

graph, Surgical Care; A Practical Physiologic 
Guide,? is a comprehensive discussion of the impor- 
tant problems involved in the preoperative prepara- 
tion and diagnosis and postoperative care of the 
surgical patient. 

The author says in his preface, “This book seeks 
to outline a positive program of surgical convales- 
cence or care that differs considerably from the tra- 
ditional policy of ‘letting nature take its course.’ 
For example, in the past, the surgeon often paid 
scant attention to preoperative deficits which are 
now known to influence operability and mortality 
greatly. After operation or trauma, he depended to 
a considerable extent upon the spontaneous repara- 
tive processes, resorting to active therapy only when 
complications occurred. This negative point of view 
has been challenged from time to time, especially 
during the past decade, and now is being gradually 
replaced by positive programs of active therapy. 
The modern attitude is not a return to medieval, 
meddlesome interference with the natural processes. 
It is based upon sound physiologic and biochemical 
knowledge of what the body can and cannot itself 
accomplish.” 

It is this physiologic and biochemical knowledge 
that Elman has brought together in a 600 page 
volume that emphasizes particularly, as might be 
expected from the author’s special interest in these 
fields, the problems of nutrition, of the electrolytes 
and of water balance. 

An introductory chapter, which includes some 
thoughtful comment upon the changing role of the 
surgeon during the passing centuries, the changing 
attitude toward surgery in the aged and special 
problems involved in such patients, is followed by an 
excellent discussion of the role of the pituitary and 
adrenal glands in trauma and the effect of their in- 
creased activity upon protein carbohydrates and salt 
metabolism. 

Chapter 4, ‘Nutrition in Surgery,” is a compre- 
hensive discussion of the problem of nutrition in the 
surgical patient, beginning with a historical survey 


1ROENTGEN ANATOMY; ROENTGEN ANATOMfA. By David Steel, 
M.D. Springfield, Ill.: Charles C Thomas, 1951. 

2SuRGICAL CARE; A PRACTICAL PHysioLocic GuIpE. By 
Robert Elman, M.D., F.A.C.S. New York: Appleton-Century- 
Crofts, Inc., 1951. 
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of the changing attitude concerning the wisdom of 
feeding the sick patient or withholding food from 
him, continuing with a survey of the basic nutritional] 
needs of water, electrolytes, calories, protein and 
vitamins and concluding with a 50 page discussion of 
nutritional deficiencies and methods of correcting 
them. With reference to protein deficiency the 
author says, “‘During the last decade, further con- 
vincing evidence has been gathered showing the 
essential nature of an adequate protein intake. The 
old idea that there are large stores of protein was 
first discredited by the observations made by 
Weech and his co-workers and others. Experiments 
in dogs showed that there was no true source of 
protein storage material in the body in that with the 
very first day of protein deprivation, several essen- 
tial proteins become depleted, notably those in the 
liver and those in the circulating plasma. Other 
studies have also shown that protein deficiency pro- 
duces many clinical manifestations such as edema, 
hepatic insufficiency, a lowered resistance to infec- 
tion, impaired wound healing, asthenia, decubitus 
ulcers, etc.” 

In the latter part of this chapter water and salt 
depletion, potassium deficiency, acid base disturb- 
ances, protein and vitamin deficiencies, the symp- 
toms and complications resulting from their pres- 
ence, and methods of correcting them are carefully 
considered. 

Concerning acute protein deficiency, Elman says, 
‘Laboratory examinations in acute protein deficiency 
are apt to be disappointing. However, examination of 
the blood will usually reveal a fall in the concentra- 
tion of plasma proteins, especially of the albumin 
fraction. In case of hemorrhage there is often a fall 
in the red count or hemoglobin as well, due to hemo- 
dilution. When plasma alone has been lost with the 
retention of red cells, the opposite occurs, i.e., 
hemoconcentration. Hemoconcentration also occurs 
in dehydration following the loss of simple fluids; 
in this case, however, the plasma protein concentra- 
tion is apt to be increased, whereas following loss of 
plasma it is either normal or decreased.” 

Later, “loss of weight is an obvious indication of 
malnutrition in general and protein deficiency in 
particular. However, loss of weight in itself must be 
evaluated carefully inasmuch as there are at least 
two ways in which body weight may fall independ- 
ently of protein deficiency. First, loss of weight may 
be due merely tc ioss of adipose tissue, as for exam- 
ple, after a reducing diet. On the other hand, witha 
caloric intake greater than his needs but with an in- 
adequate protein intake, the patient may gain weight 
as fat while developing a protein deficiency. Second, 
body weight will be affected by a loss or gain of body 
water, which, however, is directly connected with 
protein nutrition. For example, nutritional edema 
leads to a gain in body weight because of retention 
of water and is a well-known manifestation of severe 
protein deficiency.” 

These quotations give point to the author’s com- 
ment, that the surgeon should not “ask for numer- 
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ous blood chemical determinations and then (at- 
tempt) to arrive at a swivel chair diagnosis on the 
basis of one or more abnormal measurements. It 
must be emphasized again that the results of labora- 
tory examinations should only be used as an adjunct 
to careful bedside examination and clinical judg- 
ment, and never as a substitute therefor.” 

In the same chapter (Chapter 6, Basic Preopera- 
tive Care) the author comments wisely upon a phase 
of patient-study that is often overlooked. “... 
there is a tendency to accept numerical values from 
the laboratory at their face value and to attribute to 
them a greater importance than may be justified, 
particularly when they are used as a substitute for a 
good history and bedside examination or when they 
are given undue preference diagnostically if they 
happen to conflict with the clinical picture. The 
uncritical acceptance of laboratory data may lead to 
difficulty because of errors in method or in technic, 
and of errors in interpretation. Although it is un- 
likely that ordinary urine and blood examinations 
will be inaccurate, there are probably many patients 
being treated for a nonexistent anemia which could 
be more effectively cured by repeating the red cell 
count! The most frequent errors, however, lie in 
chemical measurements of the blood. For example, 
in a study by Belk and Sunderman, 597 blood speci- 
mens of known composition were submitted to 59 
hospitals and private laboratories in Pennsylvania. 
When the results were analyzed, the findings were 
shocking; 323, or 54 per cent, of the results obtained 
were unsatisfactory with errors ranging from 89 per 
cent too low to 941 per cent too high! Similar results 
were obtained in a study carried out by Shuey and 
Cebel. For example, they submitted 37 specimens of 
blood with a known content of glucose to 14 partici- 
pating laboratories. In only one laboratory were as 
high as 92 per cent of the specimens reported cor- 
rectly. In four laboratories only 22 to 28 per cent of 
the specimens were reported correctly. Of a similar 
number of nonprotein nitrogen determinations of the 
blood, no laboratory reported more than 83 per cent 
correctly and one laboratory reported only 8 per cent 
of the specimens correctly. In the case of serum 
proteins, three laboratories failed to report a single 
correct value for 5 specimens submitted.” 

A list of the remaining chapter headings, Anes- 
thesia, Inhalation Therapy and Resuscitation (these 
two written by Meyer Saklad), Routine Postopera- 
tive Care, Chemotherapy in Surgery, Postoperative 
Pain, Pulmonary Complications, Thromboembolic 
Disease, Postoperative Renal Dysfunction, Surgical 
Shock (a particularly well-written and thoughtful 
discussion), Wound Complications, Abdominal Com- 
plications, Postoperative Fever, Thermal Burns— 
indicate both the scope of this volume and the change 
that has taken place in surgical practice since the 
days, not too long since, when twenty or thirty 
mimeographed sheets served as an adequate manual 
on preoperative and postoperative care for the surgi- 
cal house officer. The only significant omission is the 
lack of comment upon the value and significance of 
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the tests of liver function currently employed in the 
clinical laboratory. 

The house officer of today is fortunate to have at 
his command, such a volume as Elman has prepared 
and the practicing surgeon can find invaluable sug- 
gestions, help and stimulus in its well written pages 
and comprehensive discussion of the many problems 
involved in the care of the surgical patient. 

SUMNER L. Koca. 


HE monumental character and scope of the work 

entitled The Kidney; Structure and Function in 
Health and Disease! are apparent in the title, but for 
those readers who have not been concerned with renal 
physiology, the actual scope of the subject will be 
better understood after reading the preface. ‘In the 
last analysis, composition of the plasma is deter- 
mined not by what the body ingests but by what 
the kidneys retain and what they excrete.” As a 
physiologist of remarkable penetration and industry, 
author of numerous papers and monographs on vari- 
ous aspects of renal physiology, Dr. Homer W. Smith 
is in an eminent position to undertake a systematic 
treatment of a field which recent investigation has 
suddenly and enormously expanded. “It begins to 
look,” Dr. Smith once said, “‘as if, in the situation 
of the failing heart, everything were wrong except 
the heart!” It is this shift of emphasis from concepts 
derived largely from clinical descriptive medicine to 
others stemming from the comparatively modern 
sciences of physiology and biochemistry, which has 
revealed the kidney as a hitherto unrecognized col- 
laborator in a considerable number of seemingly 
unrelated disturbances. 

The book is divided into four parts, the first of 
which deals with the structure of the kidneys and 
the techniques which have been developed during 
the last 25 years, for the quantitative measurement 
of particular renal functions. Part 2 is concerned 
with special renal functions as they operate in the 
disposition of sodium, chloride and water, and in the 
maintenance of acid-base balance. Part 3 takes up 
the control of renal circulation, drugs, and hormones 
acting upon it, and Part 4 deals with diseases of the 
kidney and urinary tract and disturbance of renal 
function in nonrenal disease. The bibliography con- 
tains 2,300 references which form the basis for this 
massive and distinguished review. 

EpitH B. FARNSWORTH. 


HE text Autopsy Diagnosis and Technic? has be- 

come so well established by pathologists and 
physicians or surgeons who occasionally do their 
own postmortem examinations as to require few 
comments on this, the third edition. However, for 
those who are unfamiliar with the volume, its author 
has presented in clear, concise, and abbreviated 


1THeE KIDNEY; STRUCTURE AND FUNCTION IN HEALTH AND 
DisEAsE. By Homer W. Smith, A.B., Sc.D., M.S. New York: 
Oxford University Press, 1951. 

2Autopsy DIAGNOSIS AND TECHNIC. By Otto Saphir, M.D. 
3d rev. enl. ed. New York: Paul B. Hoeber, Inc., Medical Book 
Department of Harper & Brothers, 1951. 
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manner an analysis of the autopsy from the method 
of obtaining permission to its completion. Several 
recommended forms or methods of approach are 
delineated. These are illustrated by sketches which 
are easily interpreted. In addition, there are simple 
descriptions of the most common gross lesions. 
Charts are included to enable some differentiation 
between gross structural alterations which are some- 
what similar to the untrained eye. Now Dr. Saphir 
adds a chapter on “Do’s and Don’t and Certain 
Suggestions for Quick Orientation” based on his 
years of experience, and thus enhances its value. 
Having followed the book personally, and having 
instituted its reference to residents, this reviewer can 
only recommend its continued use by those who 
would perform a thorough necropsy. 
M. C. WHEELOCK. 


HE volume Chest X-Ray Diagnosis’ is the culmi- 
nation of 30 years of experience in a large hospi- 
tal and in private practice. The material presented 


1CHest X-Ray Diacnosis. By Max Ritvo, M.D. Phila- 
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is generously documented with roentgenograms, 
References for additional reading are listed at the 
conclusion of each topic. More than half of the 525 
pages of the text is devoted to diseases of the lung 
and slightly more than 100 pages to the heart and 
great vessels. The remaining sections include: the 
diaphragm, the pleura, the bony thorax and the soft 
tissues of the chest wall, and the soft tissues of the 
neck. The work is not encyclopedic but the author 
does an excellent job in covering the normal, the 
common abnormal, and most of the more uncommon 
abnormal conditions found in chest x-ray diagnosis, 

Routine and special examinations including body 
section: radiography, bronchiography, kymography, 
and angiography are evaluated in relationship to 
specific problems. The author in his preface states 
that the book was written to assist the student, the 
practitioner, and the specialist. The teacher will 
also find this volume of great assistance. The intro- 
duction should be required reading for all who use 
x-ray in the diagnosis of lesions of the chest. The 
text is also highly recommended. 

RosBeErt Burns Lewis. 
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